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Abstract 
This thesis presents high precision Ni isotope data for Fe-Ni metal with subchondritic 
Fe/Ni ratios from two non-magmatic irons, five magmatic irons, two main group 
pallasites and one chondrite, including some meteorites that have not previously been 
analysed to high precision (IAB irons). The main objectives of this thesis are: (i) to search 
for variations in 60Ni in the Fe-Ni metal phase of meteorites, which may provide evidence 
for the former presence of live 60Fe and, therefore, the presence and timing of a SN input 
into the early Solar System; and (ii) to determine if there are variations in the abundance of 
the neutron-rich isotope of Ni (62Ni) in Fe-Ni metal phase of meteorites with 
subchondritic Fe/Ni ratios, which may represent the addition of a heterogeneous SN 
remnant. Techniques were established and modified from previously established chemical 
methods for the isolation of Ni from Fe-Ni metal. Three chemical separation methods 
using TEVA spec resin, AG 1x4 anion resin and Ni spec resin were utilised. The majority 
of meteorites studied have been processed through all three different Ni separation 
techniques. Ni isotope ratios were measured with a Nu Plasma multi-collector inductively 
coupled plasma mass spectrometer to precisions of < ±0.05 ε (ε60Ni ) and < ±0.10 ε 
(ε62Ni) (2 se), with estimated external reproducibilities that are ca. ≤ 2 times larger than 
the 2 se. Ni isotope ratios are corrected for instrumental mass bias using 61Ni/58Ni and the 
exponential mass fractionation law.  
ε60Ni deficits were measured in magmatic irons, the carbonaceous chondrite Gujba and 
the main group pallasites (PMG), with ε60Ni values ranging from -0.041 to -0.205. ε62Ni 
ranges from +0.299 to -0.052, and supports several genetic associations between 
meteoritic groups. The majority of meteorites (Canyon Diablo (IAB), Sikhote Alin (IIAB), 
Henbury (IIIAB), Mundrabilla (IIICD), Gibeon (IVA), Brenham (PMG) and Esquel 
(PMG)) have ε62Ni values within error of the terrestrial standard, indicating that the Ni 
isotope composition of the material their parent bodies accreted from was homogeneous. 
However, Toluca (IAB), Chinga (IVB) and Gujba (CBa) have significantly positive ε62Ni 
values (+0.138 ± 0.088, +0.299 ± 0.075 and +0.184 ±0.082 respectively), which are 
attributed to preservation of nucleosynthetic effects on an asteroidal scale in the proto-
planetary disk. Ni isotope data for the meteorites measured in this study are in agreement 
with measurements of the same meteorites from the same groups reported by Dauphas et 
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al. (2008), Regelous et al. (2008) and Chen et al. (2009), and are inconsistent with the data 
of Bizzarro et al. (2007). ε60Ni deficits and 56Fe/58Ni ratios reported here for pallasites and 
magmatic irons are consistent with a maximum initial 60Fe/56Fe of 4 x 10-7 at the time of 
formation of these meteorites, which is potentially consistent with a supernova interaction 
with the molecular cloud fragment just prior to the formation of the Solar System. 
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Chapter One 1 
1 Introduction 2 
1.1 OVERVIEW 3 
1.1.1  Solar System formation 4 
The astrophysical setting of Solar System formation and the events preceding its 5 
formation are still relatively poorly understood. Conventionally, it is thought that initially 6 
there was a cloud of gas and dust within a nebula, of which a small fragment broke off 7 
and collapsed in on itself to form the Solar System. One key question that remains 8 
unanswered is that of the nature of the astrophysical process that triggered this collapse.  9 
Several hypotheses have been postulated for the trigger that initiated the gravitational 10 
collapse of this fragment of molecular cloud, the source of all matter in the Solar System, 11 
with two prominent examples being shock waves from a supernova (SN) and another 12 
being stellar winds from a nearby asymptotic giant branch (AGB) star. Cameron & Truran 13 
(1977) first formulated the former hypothesis that a Type II SN drove the collapse. The 14 
alternative theory is that stellar winds from a nearby massive star caused the collapse and 15 
injected short-lived radionuclides into the proto-planetary disk (Hester et al., 2004; 16 
Bizzarro et al., 2007; Ouellette et al., 2007).  17 
Each potential trigger can be predicted to have injected a different spectrum of isotopes 18 
into the cloud, some of which, short-lived radionuclides (SLRs), are unstable and decay 19 
quickly to stable daughter isotopes. The identification of anomalies of the abundance of 20 
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2 
these daughter isotopes is therefore fundamental to furthering the understanding of Solar 21 
System formation.  22 
Therefore, the study of isotopic anomalies in meteorites has the potential to answer the 23 
fundamental question of what astrophysical processes initiated Solar System formation. 24 
Meteorites are the oldest samples of the Solar System, largely originating from the asteroid 25 
belt between Mars and Jupiter. They retain a memory of the conditions in which their 26 
parent bodies were formed, and allow direct sampling of this important and otherwise 27 
inaccessible stage of Solar System evolution (Alexander et al., 2001).  28 
METEORITE CLASSIFICATION 29 
The material in the following section is a broad overview of meteoritic classification and is 30 
largely summarised from Krot et al. (2007), MacPherson et al. (2007) and Scott et al. 31 
(2007). Meteorites are bodies of extraterrestrial material (fragments of asteroids) that enter 32 
the atmosphere and impact the Earth’s surface. Meteorites are classified according to 33 
several parameters as shown in Table 1-1. Primarily, meteorites are classified depending 34 
on composition and texture, separating into two broad categories: chondrites and non- 35 
chondrites. These categories are subdivided into further groups depending on chemical 36 
composition, mineralogy, petrography, oxygen isotopic composition, petrology and degree 37 
of metamorphism, shock and weathering.  38 
Chondrites contain the oldest known samples of the Solar System. The components of 39 
chondrites formed ca. 4,564 - 4,567 Ma (Amelin et al., 2002) and include chondrules, 40 
refractory inclusions, Fe-Ni metal and chondritic matrix. Chondrules are rapidly 41 
crystallised igneous-like particles. There are two types of refractory inclusions – calcium- 42 
aluminium-rich inclusions (CAIs) and amoeboid olivine aggregates. CAIs have been 43 
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found to be the oldest and most primitive objects of the Solar System, taken to represent 44 
the beginning of Solar System time (T0) and range from sub-millimetre to centimetre sized 45 
objects. Wood (2004) evaluated the different models proposed to account for the 46 
formation of CAIs and concluded that the X-wind model (Shu et al., 1996; and 2001) is 47 
the best explanation. In this model, proto-CAIs were formed in a region between the 48 
inner edge of the proto-planetary disk and the proto-Sun, where material was evaporated 49 
and recondensed by solar flares to form CAIs. CAIs are most abundant in carbonaceous 50 
chondrites, and are rare in ordinary and enstatite chondrites. 51 
Table 1-1. The classification of meteorites. Primarily, meteorites are divided into two categories (chondrites 52 
and nonchondrites) depending on composition and textures and then secondarily, through oxygen 53 
isotopic composition, petrology, degree of metamorphism, shock and weathering. This table was modified 54 
after Krot et al. (2007). 55 
 56 
Chondrites are further subdivided by chemical and petrological parameters into three 57 
classes (ordinary (O), enstatite (E) and carbonaceous (C)), although two chondrite groups, 58 
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(Kakangari-like (K) and Rumuruti-like (R)), have occasionally been considered as separate 59 
classes. Fourteen groups of chondrites are contained within these classes. Carbonaceous 60 
chondrites are divided into 8 groups (Table 1-1). The second letter in the group name 61 
refers to a type example of the group e.g. CB are Bencubbin-like chondrites. Ordinary 62 
chondrites are separated into the groups H, L and LL, which represent the levels of iron 63 
(H = high levels of iron, L = low levels of iron and LL = both low metallic iron, 64 
compared to total iron, as well as low overall iron content). Enstatite chondrites are 65 
separated into two groups with differing iron levels (EH = high levels of iron and EL = 66 
low levels of iron).  67 
A secondary classification measure of chondrites is petrographic type, which refers to the 68 
level of secondary alteration experienced by the chondrite. Types 1 and 2 indicate the level 69 
of aqueous alteration (1 being more altered than 2). The degree of chemical equilibrium 70 
reached by the chondrite due to thermal or metamorphic effects is represented by types 3 71 
to 6, with type 3 representing unequilibrated and type 6 representing equilibrated 72 
specimens.  73 
Non-chondrites are separated into primitive meteorites (those which have only 74 
experienced low degrees of melting) or differentiated meteorites (those which have 75 
experienced high levels of melting). Primitive non-chondrites have compositions that  are 76 
broadly chondritic but have achondritic textures and include acapulcoites, lodranites, 77 
winonaites, and silicate-bearing IAB and IIICD irons. Differentiated non-chondrites are 78 
further subdivided into achondrites, stony-irons and irons (Krot et al., 2007). Achondrites 79 
include angrites, aubrites, brachinites, ureilites, HED meteorites (howardites, eucrites and 80 
diogenites), Martian meteorites (SNC - shergotites, nakhlites, chassignites and 81 
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orthopyroxenites) and Lunar meteorites. Stony irons are subdivided into mesosiderites 82 
(breccias with sub-equal proportions of Fe-Ni metal, silicate and troilite (FeS)) and 83 
pallasites (stony irons with approximately equal proportions of silicate, metal and troilite) 84 
(Massalski and Park, 1964). Pallasite meteorites are classified into three groups (main 85 
group, Eagle-Station, and pyroxene pallasites) and are thought to represent samples of the 86 
core-mantle boundary of planetesimals.  87 
Iron meteorites are widely considered to represent samples of small planetesimal cores 88 
and therefore provide the best opportunity to study samples similar to the Earth’s core. 89 
They are classified into groups using both structural and chemical parameters.  Early 90 
classification schemes were developed by Goldberg et al. (1957) and Lovering et al. (1957) 91 
separating iron meteorites into 13 distinct groups depending on their elemental 92 
concentrations and structures. Iron meteorites are now classified into 13 distinct groups. 93 
Structural groups are divided according to the type of textures and structures apparent on 94 
a polished and etched piece of iron meteorite. These groupings include hexahedrites, 95 
ataxites and the octahedrites (those with kamacite (Fe-Ni) lamellae) (Buchwald, 1975). 96 
Octahedrites are further subdivided according to the width of the lamellae, which 97 
represents cooling rate, into fine, medium and coarse lamellae groups (Buchwald, 1975).  98 
It is thought that the structural and chemical classification of iron meteorites represents a 99 
genetic relationship, and that each group originates from a separate parent body (Haack 100 
and McCoy, 2007). This is supported by cosmic ray exposure ages, as individuals within 101 
these groups tend to cluster around similar ages (Haack and McCoy, 2007).  102 
 103 
K. Andrews  2009
                                                                                            CHAPTER 1: Introduction 
 
6 
1.1.2 Isotopic anomalies 104 
It was initially assumed that the material from which the Solar System formed was 105 
homogeneous (Cameron, 1962). However, technological advances in isotopic 106 
measurements have revealed the heterogeneous nature of the matter forming the Solar 107 
System (Shimamura and Lugmair, 1983). Nuclides were injected from stars into the 108 
molecular cloud and proto-Solar System, and form the building blocks of the Solar System 109 
(Wasserburg, 1987).  The potential stellar contributions differ depending on the type of 110 
star or SN, and also the stage of evolution of the star. This variation is recorded in 111 
meteorites as isotopic anomalies, which can then be assigned to their most likely origin, 112 
providing a direct means to study past stellar contributions and processes that shaped the 113 
composition and formation of the Solar System.  114 
Isotopes are atoms of an element with the same number of protons but a different 115 
number of neutrons and are produced either by stellar nucleosynthesis (the formation of 116 
nuclei through nuclear reactions in the interior of stars) or via cosmic ray induced 117 
spallation (interactions between elements, energetic protons and α-particles) (Morand and 118 
Allegre, 1983; Gounelle et al., 2001). Contributions from both cosmic ray induced 119 
spallation and nucleosynthesis are required to account for all isotopes (Tachibana et al., 120 
2006). These contributions to the early Solar System can be studied by searching for 121 
isotopic anomalies in meteorites. For example, it has been found that 10Be is only 122 
produced through cosmic ray induced spallation by the proto-Sun (McKeegan et al., 123 
2000), whereas 60Fe can only be produced in supernovae (SN) (Cameron et al., 1995; Lee 124 
et al., 1998; Tachibana et al., 2006). Thus, isotopes provide a signature of the specific 125 
astrophysical process responsible for the synthesis (Mostefaoui et al., 2005; Tachibana et 126 
al., 2006).  127 
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The discovery that there are anomalies in the abundances of isotopes in meteorites was 128 
first revealed through the study of the three oxygen isotopes - 16O, 17O and 18O - in 129 
carbonaceous chondrites (Clayton et al., 1973). This has led to further research on isotopic 130 
anomalies, increasing the understanding of the astrophysical setting of Solar System 131 
formation (Morand and Allegre, 1983). 132 
SHORT-LIVED RADIONUCLIDES 133 
Meteorites contain evidence for the former presence of short-lived radionuclides (SLRs), 134 
which are isotopes that decay rapidly to a stable daughter nuclide. Their former presence 135 
is represented as anomalous abundances of a daughter isotope. The discovery of SLR 136 
anomalies occurred in 1960, when evidence for the former presence of 129I (t½ = 1.7 x 107 137 
yr) was discovered in anomalous abundances of 129Xe in the Richardton chondrite 138 
(Reynolds, 1960). This was followed by an extensive search for other such anomalous 139 
isotopic abundances in a range of elements. 140 
Excesses of 26Mg in CAIs in Allende were discovered by Lee et al. (1976). These 26Mg 141 
excesses were correlated with the Al/Mg ratio of the minerals in CAIs, providing the first 142 
evidence for the former existence of 26Al, which has a half life of 0.72 x 106 yr (Samworth 143 
et al., 1972). Further analyses of CAIs from Allende by Lee et al. (1977) found large 26Mg 144 
excesses that were correlated with the Al/Mg ratios, providing unequivocal evidence for 145 
the presence of live 26Al in the early Solar System. The field of isotopic research has since 146 
expanded to include studies of other SLRs and their stable daughter products e.g. 60Fe- 147 
60Ni, 53Mn-53Cr, 182Hf-182W (Morand and Allegre, 1983; Birck and Lugmair, 1988b; Kleine 148 
et al., 2002; Kleine et al., 2005; Markowski et al., 2006a; Schersten et al., 2006; Trinquier et 149 
al., 2008). 150 
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The short half lives of now extinct SLRs makes them especially valuable in constructing a 151 
finely detailed chronology of the early Solar System, and providing signatures of 152 
nucleosynthetic processes (Shukolyukov and Lugmair, 1993a and b). However, before 153 
these SLRs can be applied as chronometers, their origin and level of homogeneity in the 154 
proto-planetary disk must be determined. This is accomplished by comparing the 155 
calculated production ratios of the parent nuclide to model predicted production ratios of 156 
cosmic ray induced spallation or nucleosynthetic processes (Leya et al., 2003b).  157 
To demonstrate the existence of the now extinct parent nuclide, anomalous abundances 158 
of the daughter nuclide must ideally directly correlate with abundances of the parent 159 
element in the phase of the meteorite being studied. This ensures that the anomalous 160 
abundances of the daughter nuclide is due to in situ decay of the parent and not due, for 161 
instance, to a heterogeneous distribution of nucleosynthetic contributions (Wasserburg, 162 
1987). Therefore, samples that are ancient (allowing sufficient accumulation of the 163 
radionuclide before its extinction) and also those with a high parent element/daughter 164 
element ratio are the most appropriate for the study of extinct SLRs (Wasserburg, 1987).  165 
1.2 OBJECTIVES OF THIS THESIS 166 
The main objectives of this thesis are: 167 
(1) To develop chemical methods for the separation of Ni from Fe-Ni metal as well 168 
as improved MC-ICPMS techniques for precise and accurate Ni isotopic analysis. 169 
(2) To search for variations in 60Ni in the Fe-Ni metal phase of meteorites with 170 
subchondritic Fe/Ni ratios which may provide evidence for the former presence 171 
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of live 60Fe and, therefore, the presence and timing of a SN or AGB stellar input 172 
into the early Solar System.  173 
(3) To determine if there are variations in the abundance of the neutron-rich isotope 174 
of Ni (62Ni) in Fe-Ni metal phase of meteorites with subchondritic Fe/Ni ratios, 175 
which may represent the addition of a heterogeneous SN remnant.  176 
1.3 STRUCTURE OF THIS THESIS  177 
This thesis is structured into five parts:  178 
1. An introduction that outlines the potential astrophysical setting of Solar System 179 
formation and the use of isotopic anomalies recorded in meteorites. 180 
2. A background chapter that describes the evolution of the nebula, elemental 181 
synthesis, stellar evolution and planetary accretion. 182 
3. A chapter that presents the methods, results and implications of this study and is 183 
formatted for submission as a paper to Geochimica et Cosmochimica Acta.  184 
4. A brief synthesis that summarises the main conclusions of this study and provides 185 
suggestions for future work.   186 
5. Several appendices that describe in detail the analytical techniques used (Appendix 187 
1), sample information (Appendix 2), raw MC-ICPMS data (Appendix 3) and 188 
source of meteorites for this thesis (Appendix 4). 189 
 190 
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Chapter Two 191 
2 Background 192 
2.1 EVOLUTION OF THE NEBULA 193 
The material in the following sections is a broad overview of nebula evolution, stellar 194 
formation, planetary accretion and heating mechanisms, and is largely summarised from 195 
Faure (1998), Taylor (2001) and Albarède (2003). Nebulae evolve from molecular clouds, 196 
composed of H2 molecules. Only simple molecules exist in these clouds as radiation 197 
causes the dissociation of more complex molecules. Dense areas within these molecular 198 
clouds are the sites of future star formation. One of these dense areas, the nebula, is 199 
thought to have detached and evolved through collapse and rotation, into the Solar 200 
System’s proto-planetary disk.   201 
The most likely theories to explain the trigger of such a collapse are: (i) shock wave 202 
induced collapse from a nearby SN and; (ii) gravitational instability caused by the stellar 203 
winds of a nearby massive star. The initial abundance of 60Fe provides a constraint on the 204 
type of stellar input into the proto-Solar System, as 60Fe is only produced in a cc-SN or 205 
AGB stars (Lee et al., 1998; Gounelle et al., 2006; Dauphas et al., 2008). The short half life 206 
of 60Fe (1.49 Myr) (Kutschera et al., 1984) means that it was only present in the first ten 207 
million years of the Solar System’s history, as after seven half-lives, > 99 % of an unstable 208 
nuclide has decayed.  209 
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For example, the Sun is thought to have formed in a star-forming region, like the present 210 
day Orion Nebula (Tachibana et al., 2006), in a giant molecular cloud which contained 211 
hundreds of simultaneously forming stars, the majority of which were massive (>50 solar 212 
masses (M

)) (Lada and Lada, 2003). In this environment, massive stars could have easily 213 
provided the means for a molecular cloud collapse through either stellar winds or SN 214 
shock waves. 215 
Evidence for the interaction of a SN with the molecular cloud has been proposed, but the 216 
timing of this event, e.g. prior to or after Solar System formation, is yet to be clearly 217 
determined (e.g. Tachibana et al. 2006) and is discussed further in Section 2.5. Short-lived 218 
radionuclides can constrain the timing of the astrophysical processes involved in the 219 
formation of the Solar System. For example, there is evidence of the existence of live 26Al 220 
and 41Ca in meteorite inclusions (Lee et al., 1978; Sahijpal et al., 1998). Given the short 221 
half lives of both 26Al (t½ = 0.72 x 106 yr (Samworth et al., 1972)) and 41Ca (t½ = 1.04 x 222 
105 yr (Paul et al., 1991)), a time interval from nucleosynthesis to the inclusion of these 223 
nuclides in solids could be no longer than 1 Myr (Boss and Vanhala, 2000). This can be 224 
explained if the SLRs were synthesised in a SN, and then transported into the molecular 225 
cloud by the SN shock waves, which can traverse star-forming regions in less than 1 Myr 226 
(Boss and Vanhala, 2000). This gives support to a SN trigger of the collapse of the cloud. 227 
After the collapse, dust settled to the midplane of the disk, forming the Sun and the  ‘solar 228 
nebula’. Material continued to accrete on the Sun until it became large enough to begin H- 229 
burning, and subsequent accretion eventually resulted in the formation of the planets.  230 
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2.2 STELLAR FORMATION, EVOLUTION & 231 
ELEMENTAL SYNTHESIS 232 
Two common theories of universe formation are: (i) the ‘Big Bang Theory’ (so termed by 233 
Fred Hoyle); and (ii) the Steady State Model (coined by Hoyle, Gold and Bondi). The 234 
latter theory proposes that the universe has been continually expanding and producing 235 
new matter at a steady state (Hoyle et al., 1993). In contrast, the Big Bang Theory suggests 236 
the synthesis of the majority of H and He and small amounts of Li and Be occurred at the 237 
time of universe formation. This theory was largely accepted in 1964 after the discovery of 238 
cosmic microwave background radiation, a remnant of a hot ‘Big Bang’.  239 
In the 1950’s, theories on stellar nucleosynthesis of elements became prevalent and in 240 
1957, Burbidge et al. (1957) described the origin of both light and heavy elements in 241 
nuclear reactions within stellar interiors, a process termed nucleosynthesis. The first 242 
evidence of this process came from the discovery of technetium (Tc) in the optical 243 
spectrum of red giant stars (Merrill, 1952). Tc does not occur in the Sun or Earth, has no 244 
stable isotopes, and is produced through a nucleosynthetic process (the s-process, which is 245 
defined in Section 2.2.2). 246 
2.2.1 Star formation and synthesis of light elements 247 
BIG BANG NUCLEOSYNTHESIS 248 
The history of the Solar System and the synthesis of elements is evident when examining 249 
the abundance of elements (Burbidge et al., 1957), shown graphically in an atomic 250 
abundance curve in Figure 2-1. The high abundance of the lightest elements in the Solar 251 
System supports the Big Bang Theory, which suggest that the nucleosynthesis of a large 252 
proportion of the H and He (and a small amount of Li and Be) occurred during the initial 253 
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few minutes of the existence of the universe, along with the production of all the energy 254 
and mass present in the universe today. H is the most abundant element, from which all 255 
other elements evolve (Burbidge et al., 1957).  256 
 257 
Figure 2-1. A graph of the elemental composition of the Solar System, where the abundance of elements 258 
is standardised to 106 Si atoms. The nucleosynthetic stages responsible for the synthesis/destruction of 259 
elements are labelled above the curve. The most stable elements produce peaks in the graph (e.g. Fe and 260 
Pb). This figure was taken from Albarède (2003). 261 
Production of the presolar nebula 262 
Boss (1985) produced the first calculations and models of the collapse of a slowly rotating 263 
interstellar cloud to produce the presolar nebula. Boss (1985) theorised that the slow 264 
rotation of the interstellar cloud prevents fragmentation and allows the collapse into a 265 
central core. Angular momentum is established in this rotating cloud as it is surrounded 266 
by nonaxisymmetric areas and regions (Boss, 1985). The angular momentum travels from 267 
the star outwards whilst material continues to infall. It is thought that density waves 268 
passing through molecular clouds lead to star-forming regions, especially in the spiral arm 269 
of galaxies.  270 
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The core of the cloud then collapses to form a protostar, which is surrounded by a disk of 271 
gas and dust. The disk begins to infall onto the protostar. As the mass of the star increases 272 
during the infall stage, certain thresholds are passed. For example, when the mass of the 273 
star reaches 0.3 M

, 2H can be burnt (discussed in Section 2.2.1). Convection currents are 274 
established in the star as the temperature and mass increase, homogenising the star and 275 
also initiating stellar winds by disturbing the magnetic field of the star. Gradually the 276 
infalling material begins to concentrate onto the disk rather than onto the star. Bipolar 277 
outflows begin along the axis of rotation of the disk, as illustrated in Figure 2-2(d). 278 
Eventually the infall stage stops, most likely due to strong stellar winds from the newly 279 
formed star, which are also responsible for periods of stellar mass loss. Eventually a star 280 
and a circumstellar disk are formed (Figure 2-2).  281 
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Figure 2-2. A highly stylized illustration of Solar System formation. a) A schematic of a giant molecular 283 
cloud, where cores form and separate into distinct fragments. (b) A fragment of the molecular cloud is 284 
separated from the main body. An astrophysical process then triggers the collapse of this fragment of 285 
cloud. Whether this trigger was the shock waves of a SN or the stellar winds from a nearby star has not 286 
yet been agreed upon. (c) A nebula then forms, consisting of a planetary disk and a central primitive star. 287 
Mass begins to accrete preferentially onto the disk. (d) Mass now flows from the disk onto the growing 288 
proto-star. Bipolar outflows are created along the system’s axis of rotation. This figure was modified after 289 
Taylor (2001). (e) Bipolar winds from the young star efficiently expel gas from the nebula, causing dust 290 
particles to settle to the midplane of the disk. Sedimentation occurs initially at the centimetre scale, and 291 
eventually results in kilometre-sized bodies, which then move through the three stages of planetary 292 
accretion outlined in Section 2.3. (f) A Solar System is formed. 293 
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Stars are classified by their initial mass and metallicity (proportion of elements other than 294 
H & He). The size of a star is determined by the size of the initial cloud it condensed 295 
from (Boss, 1987). Mass determines where a star lies along the ‘main sequence’ – defined 296 
as a line on a Hertzsprung-Russell (H-R) diagram as shown in Figure 2-3.  297 
 298 
Figure 2-3. Hertzsprung-Russell Diagram (H-R diagram) showing the relationship between a star’s 299 
temperature and luminosity (along with a variety of other factors including the spectral class and absolute 300 
magnitude). The H-R diagram shows the evolutionary paths stars will follow depending on their initial 301 
mass. Most stars spend most of their life on the main sequence (MS), where H-burning occurs. This H-R 302 
diagram shows the evolutionary paths of three different stars (a star of 1 solar mass (M

), a star of 5 M

 303 
and a star of 10 M

). As a star with 1 M

 uses up its H fuel it moves off the MS and onto the red giant 304 
branch (RGB). He is deposited onto the core until all the H is burned, at which point a He flash occurs, 305 
which marks the beginning of He fusion along the horizontal branch (HB). When He fusion ceases, the star 306 
moves up along the asymptotic giant branch (AGB), where the s-process nucleosynthesis predominates. 307 
The 5 M

 and 10 M

 stars move off the main sequence and then move into the supergiant field during 308 
He-synthesis (the colour of the supergiant varies depending on the initial size of the star). This figure was 309 
taken from CSIRO (2006). 310 
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The H-R diagram is a graph of solar luminosity (and various other parameters) versus 311 
surface temperature. Stars will proceed along different stellar evolutions depending on 312 
their initial mass. Stars of less than 0.08 M

 will evolve into brown dwarfs, and are unable 313 
to ever fuse H (Nakajima et al., 1995). Low mass stars (those with solar mass less than 0.5 314 
M

) can never fuse He, and therefore remain on the main sequence until their hydrogen 315 
fuel is exhausted. The timescale for H burning for the minimum mass main sequence star 316 
has been calculated to be ~ 1 x 1013 years (Laughlin et al., 1997), and is far longer than the 317 
larger main sequence stars. Once their H fuel runs out, these low-mass stars will move off 318 
the main sequence, ending their life as helium white dwarves (Laughlin et al., 1997). The 319 
evolution of intermediate and massive stars is outlined in the following sections.  320 
STELLAR NUCLEOSYNTHESIS 321 
Hydrogen burning 322 
This section is a summary of stellar nucleosynthesis and is largely summarised from the 323 
literature of Faure (1998), Taylor (2001) and Albarède (2003). Stars eject freshly 324 
synthesised material into the interstellar medium through several means: (i) SN; (ii) novae 325 
(a star that shows sudden brightness) and; (iii) stellar wind mass loss (Burbidge et al., 326 
1957). Due to the variety of stars (illustrated in the H-R diagram in Figure 2-3), there is 327 
undoubtedly a mix of stellar contributions to the Solar System material, resulting in the 328 
present anomalies studied in meteorites (Shukolyukov and Lugmair, 1993b).  329 
Stars spend 90% of their lives sitting on the main sequence trend of an H-R diagram, 330 
burning H at temperatures of ~ 107 – 108 K, via two processes – the proton-proton (p-p) 331 
chain reaction or the carbon, nitrogen, oxygen (CNO) chain reaction. The former reaction 332 
produces a He nucleus from H nuclei. Initially two protons form a deuteron (2D or 2H), 333 
K. Andrews  2009
                                                                                            CHAPTER 2: Background 
 
18 
which then reacts with another proton, creating 3He. This then reacts with another 3He 334 
nucleus to create a 4He nucleus (Shu, 1982; Zircker, 2002) as shown in Figure 2-4. 335 
 336 
Figure 2-4. The proton – proton chain reaction converts H to He. First, two 1H nuclei fuse to form one 2H, 337 
with the release of a positron (e+) and a neutrion (the result of a proton being converted into a neutrino). 338 
Then the 2H produced in the first step fuses with another 1H to produce 3He. This 3He can then fuse with 339 
another 3He to produce 4He and two 1H. This figure is modified after Koupelis & Kuhn (2007). 340 
An alternative chain reaction to convert He from H was proposed by Bethe (1939), called 341 
the CNO chain reaction. Carbon nuclei catalyse the conversion of H to He (Bethe, 1939) 342 
as illustrated in Figure 2-5. 343 
The temperature of the star determines which of these two reactions occurs. The CNO 344 
chain reaction will occur in stars hotter than the Sun, while the p-p chain reaction will take 345 
place in stars colder than the Sun (Bohm-Vitense, 1992). H-burning creates He, some 346 
isotopes of C, N, Ne (the other isotopes of these elements are created during the He- 347 
burning triple-α process) as well as 19F and 23Na (Burbidge et al., 1957).  348 
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Figure 2-5. The CNO chain reaction is the second method of converting H to He, using carbon, nitrogen 350 
and oxygen as catalysts. First a 1H fuses with 12C, creating 13N, which is unstable and decays to 13C. This 351 
then fuses with another 1H to produce 14N, which fuses with another 1H to produce 15O. 15O is unstable 352 
and decays to 15N. 15N and 1H fuse and split into 12C and 4He. This figure is modified after Koupelis & 353 
Kuhn (2007). 354 
During the conversion of H to He in stars of intermediate size, M

 < 8 (Birck, 2004) the 355 
density of the core increases and causes contraction, leading to a temperature increase. 356 
This temperature rise causes an increase in the rate of fusion, leading to an expansion of 357 
the outer envelope. As H is depleted, H fusion moves to the outer envelopes, moving the 358 
star off the main sequence and into a red-giant stage (the cooling of the outer envelopes 359 
causes the red colour) (Figure 2-6). A star of 5 M

 will increase its radius 30-fold during 360 
this stage. 361 
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Figure 2-6. When a star runs out of H to fuse in the core, it moves off the main sequence and onto the red 363 
giant branch. At this point the star’s core is made of He, the product of H-burning along the main 364 
sequence. The He-rich core contracts, as there is no outward pressure from fusion reactions in the core, 365 
and leads to a rise in temperature. This temperature rise allows H-burning to continue in the surrounding 366 
shell. The outer envelopes of the star cool and expand, placing the star in the red spectrum. This figure 367 
was taken from CSIRO (2006). 368 
H requires the least amount of energy to burn, and the energy requirements to burn 369 
successive fuels steadily increase with atomic weight (Burbidge et al., 1957). These 370 
requirements are met once the previous fuel source is exhausted (Burbidge et al., 1957). 371 
The synthesis of light elements that were not produced in the Big Bang occurs through 372 
the nucleosynthetic processes outlined in the following sections.  373 
Helium burning 374 
The density of the star’s core increases as it continues to convert H to He, causing the 375 
temperature to rise and the outer envelopes to expand. H-burning migrates to the outer 376 
envelopes as the star gradually uses all the H fuel, converting the entire core to He, which 377 
it begins to ‘burn’ at temperatures of greater than 108 K. Intermediate stars undergo a ‘He 378 
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flash’, when He-burning is initiated (more massive stars will slowly burn through their He 379 
fuel).  380 
He fusion marks the departure from the main sequence, moving off and along the 381 
horizontal branch by means of the triple-α process as is illustrated in Figure 2-7. The 382 
triple-α process involves two α particles (4He) fusing to create 8Be and then, before this 383 
8Be has a chance to decay, a further α particle is added, resulting in a 12C atom. The 384 
isotopes 12C, 16O, 20Ne and 24Mg are created during He-burning (Burbidge et al., 1957).  385 
Intermediate stars do not have the temperature or the pressure to continue He fusion, and 386 
they will form AGB stars as shown in the H-R diagram (Figure 2-3), in which slow 387 
neutron capture occurs through what is known as the s-process (discussed in more detail 388 
in Section 2.2.2). Eventually such low-mass intermediate stars (M

< 1.2) expel most of 389 
their mass and contract to form white dwarfs.  390 
 391 
Figure 2-7. The triple alpha process is the main source of carbon and oxygen. Two alpha particles (4He 392 
nuclei) fuse to form 8Be, which is unstable and will quickly decay back to two alpha particles. On occasion, 393 
8Be will fuse with 4He before it has had a chance to decay, and form 12C (releasing a gamma photon), 394 
which in turn fuses with 4He, creating 16O (releasing a gamma photon). This figure was modified after 395 
Koupelis & Kuhn (2007). 396 
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2.2.2 Evolution of massive stars and synthesis of heavy 397 
elements 398 
Stellar winds place an upper limit on the size of stars, preventing infinite sizes of growth. 399 
Massive stars (stars with M

 > 8) have the mass, pressure and temperature to continue 400 
normal fusion up until Si. Within what appears to be a gradual exponential decline in 401 
abundance as atomic size increases on the atomic abundance curve (Figure 2-1), several 402 
features hint at the processes involved in elemental synthesis (Burbidge et al., 1957). One 403 
such feature is a local maximum centred on Fe, due to the production of Fe group 404 
elements through the e-process (discussed in more detail below), during periods of 405 
extremely high pressure and density (Burbidge et al., 1957). As the temperature of a star 406 
increases, burning through successive fuels, nuclei will become more stable, allowing 407 
heavier and heavier elements to be made, until Fe is reached (Burbidge et al., 1957). The 408 
greatest stability in elemental synthesis is around Fe and Ni (Burbidge et al., 1957) as the 409 
Fe-peak elements have the maximum binding energy (Figure 2-8). Elements situated 410 
before Fe on this graph are produced in normal nucleosynthesis within stars, and release 411 
energy during nuclear fusion. These energy-releasing reactions are likely to occur 412 
spontaneously. Normal fusion stops at Fe, as its production requires energy, and fission 413 
after Fe will occur spontaneously (Figure 2-8). These elements beyond Fe are produced 414 
through the s, r and p nucleosynthetic processes.  415 
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Figure 2-8. A plot of the binding energy per nucleon (millions of electron-volts) versus the mass number of 417 
nuclides showing that Fe has the highest binding energy of the nuclides (i.e. it is the most stable nuclide). 418 
Fusion reactions before Fe and fission reactions after Fe both produce energy and therefore occur 419 
spontaneously. This figure was taken from Albarède (2003). 420 
The e-process (nuclear statistical equilibrium) of nucleosynthesis 421 
The e-process (equilibrium process) synthesises all the Fe-group elements (V, Cr, Mn, Fe, 422 
Co and Ni) (Burbidge et al., 1957; Hoyle, 1958). High temperatures of 3 x 109 K and 423 
density are required for the e-process to occur (Burbidge et al., 1957; Morand and Allegre, 424 
1983). In order to reach the conditions required to allow the explosive Si-burning which 425 
produces these Fe-peak elements, a star must approach Type I SN state (Hoyle, 1958). 426 
When the abundance of Si becomes very low, all reactions within the star become 427 
equilibrated - known as nuclear statistical equilibrium (Woosley et al., 2002). One such 428 
reaction is nuclear burning, which occurs at high temperatures and pressures. 429 
Equilibration is achieved between forward and backward reactions: namely neutron 430 
capture (which occurs in high neutron density environments, producing heavy elements) 431 
and disintegration (which occurs at high temperatures and results in lighter elements) 432 
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(Vértes et al., 2003). The last unbalanced reaction to achieve equilibrium is the triple-α 433 
process. Woosley et al. (2002) produced equations to account for the equilibration and 434 
found that these equations favour the most tightly bound nuclei. Of all the isotopes, 62Ni 435 
has the most tightly bound nucleus (Woosley et al., 2002). 436 
The s-process of nucleosynthesis 437 
The s-process is the process of slow neutron capture. Neutrons are successively added to 438 
nuclides using Fe as an initial seed. This process is termed slow because the neutron flux 439 
is low enough that it allows the nuclides produced to undergo β- decay before the 440 
addition of further neutrons, creating a zigzag pattern along the valley of stability on the 441 
chart of nuclides (Figure 2-9 and, in more detail, in Figure 2-10).  442 
This process is possible during the red-giant stage of a star’s evolution, when the neutron 443 
flux is low, but temperatures still exceed 300 x 106 K. The isotopic abundance of Ba, Nd 444 
and Sm in SiC display s-process patterns, differing from the Solar System distribution 445 
(Zinner et al., 1991).  446 
 447 
 448 
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Figure 2-9. Chart of the nuclides, where proton number is plotted against neutron number. Stable 450 
elements lie in the ‘valley of stability’ where the proton number and the neutron number are approximately 451 
even at low proton numbers. This figure was taken from Albarède  (2003). 452 
 453 
Figure 2-10. An overview of the nucleosynthetic s-, r- and p- processes. The s-process is an equilibrium 454 
between the addition of neutrons and β- decay, producing a zigzag pattern along the ‘valley of stability’ on 455 
a chart of nuclides. The r-process creates isotopes through β- decay and the p-process produces proton- 456 
rich, neutron-deficient isotopes that lie to the right of the ‘valley of stability’. This figure was taken from 457 
Albarède (2003). 458 
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2.2.3 Explosive nucleosynthesis 459 
Once a star has exhausted its fuel source it has what is termed an onion-shell elemental 460 
configuration (Figure 2-11), with the heaviest, most stable, elements situated in the core, 461 
and successively lighter ‘shells’ of elements situated outside. When the star reaches Fe 462 
combustion, the binding energy required to fuse Fe is too great, and the star begins to lose 463 
energy, rapidly burning through the elemental fuels and eventually collapsing in on itself, 464 
potentially causing a SN.   465 
 466 
Figure 2-11. Schematic of a star nearing SN stage with what is known as an onion-shell configuration of 467 
elemental fuels. After all the He in the core is burnt, gravitational contraction and the associated heat 468 
generation allow the fusion of C to produce Na, Ne and Mg. Subsequent core contraction and heat 469 
generation occurs as each successive fuel is exhausted until Si-burning is reached, producing an Fe-core. 470 
This figure is taken from White (2006). 471 
As a star contracts, the gravitational energy and the energy of the electrons increase. There 472 
is a limit to the level of pressure electrons can resist. Equilibrium between the gravitational 473 
energy and the energy of the stars occurs when a white dwarf star reaches a critical mass 474 
known as the Chandrasekhar mass limit, which has been found to be ~ 1.44 M
 
475 
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(Chandrasekhar, 1931; Mazzali et al., 2007).  If the star’s mass is greater than the 476 
Chandrasekhar mass limit it will collapse into a SN, and eventually into a neutron star or 477 
black hole. 478 
This implosion of material into the iron core occurs at supersonic speeds, eventually 479 
creating a shock wave at the boundary of the inner core, which then propagates outward 480 
through the collapsing outer core. This rebound of infalling material is known as the core 481 
bounce, and results in the explosion of the star – a SN (Raffelt, 1996).  482 
Supernovae differ depending on the size and type of star they originate from. They are 483 
broadly classified into two groups: Type I and II (Figure 2-12). Type I SN have no 484 
hydrogen line in their optical spectra (Jones et al., 2004). Within Type I SN, subdivisions 485 
are made depending on the presence or absence of a Si absorption line in the spectra 486 
(Jones et al., 2004). Type Ia SN have a Si line, while Type Ib and Ic do not (Jones et al., 487 
2004). Type II, Ib and Ic SN arise from core collapse (cc-SN), when the star exhausts its 488 
fuel and gravitationally collapses in on itself (Jones et al., 2004). Core collapse occurs in 489 
stars that are greater than 10 M

 (Truran Jr and Heger, 2007). Type Ib and Ic SN shed 490 
their H envelopes and then undergo core collapse (Truran Jr and Heger, 2007). Type Ia 491 
SN do not arise from gravitational core collapse, rather from a binary star system, where it 492 
is thought that a white dwarf gathers material from a companion star, gradually reaching 493 
the Chandrasekhar mass limit (Jones et al., 2004). At this point C and O undergo 494 
thermonuclear burning leading to a SN (Jones et al., 2004) that injects elements up to Fe 495 
into the interstellar cloud. Type Ia SN can then become a black hole if the star it evolved 496 
from was large enough. Type II SN result from the explosion of red giants and super 497 
giants, and therefore inject all the heavier elements into the interstellar cloud, producing a 498 
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dust cloud, thought to account for about half of all Solar System dust (Wooden et al., 499 
1993).  500 
 501 
Figure 2-12. Spectral classification of SN. Supernovae are classified by the optical and physical properties 502 
of their outermost layers. If the SN do not have a H line in their spectrum they are classified as Type I, and 503 
if they do, they are classified as Type II. Type I SN are further subdivided depending on the 504 
presence/absence of a Si absorption line in their spectra. Core-collapse occurs in Type II and Type Ib/Ic 505 
SN and these are classified depending on the presence/absence of a He I line in the spectra. This figure 506 
was modified after Weiler (2003). 507 
Some elements heavier than the Fe-peak elements require stellar processes other than the 508 
s- and e-processes to account for their presence (Burbidge et al., 1957). Explosive 509 
nucleosynthesis (namely the r- and the p-process) occur during SN, when the shock waves 510 
from the centre of the star blast elements through the outer envelopes. Explosive 511 
nucleosynthesis is thought to occur dominantly in Type Ia and II SN (Truran Jr and 512 
Heger, 2007). The nucleosynthetic processes are outlined below. 513 
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The r-process of nucleosynthesis 514 
Some isotopes require rapid neutron capture in order to be produced. The process of 515 
neutron capture can account for a large majority of the heavy elements, and a number of 516 
their isotopes. Neutrons are continually produced in stars at rates fluctuating with the 517 
evolution of the star, leading to different processes of neutron capture. The r-process 518 
(rapid process) occurs during periods of high neutron flux, when neutrons are added at 519 
such a rapid rate that they do not allow the unstable nuclide to decay before neutron 520 
absorption occurs (Figure 2-10). The r-process will cease when fission, which occurs in 521 
the heavier elements, destroys the nuclides at a faster rate than the capture of neutrons.   522 
The p-process (photo-disintegration) of nucleosynthesis 523 
The production of some stable nuclides cannot be accounted for by neutron capture, but 524 
rather, involves the addition of protons. The p-process produces proton-rich nuclei 525 
through the capture of protons by gamma radiation from SN. These nuclides fall to the 526 
left of the valley of stability on the chart of nuclides (Figure 2-10), having a mass number 527 
greater than 74, and are the rarest of all stable nuclei, with the s- and r-process 528 
contributions being ~ 102-103 times larger (Woosley and Howard, 1978). It is thought that 529 
some of the p-nuclides originate from the more abundant r-nuclei (Woosley and Howard, 530 
1978).  531 
2.2.4 Cosmogenic effects 532 
COSMIC RAY INDUCED SPALLATION 533 
The second process that creates isotopes in the Solar System is cosmic ray induced 534 
spallation, which involves the interaction of highly energetic cosmic rays produced from 535 
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stars with material in the Solar System (Lee et al., 1998). For example the X-wind model 536 
of star formation involves the bombardment of an accretionary disk with cosmic rays 537 
from a proto-star (Shu et al., 1996; and 2001) The majority of material (nebular dust) from 538 
the accretionary disk is funnelled toward the proto-star (Ostriker and Shu, 1995). The dust 539 
is thought to be transformed into CAIs and chondrules, driven by magnetic bi-polar 540 
outflows from the solar nebula (Lee et al., 1998). Magnetically provoked flares between 541 
the proto-Sun and disk cause the acceleration of energetic particles, which may irradiate 542 
the material in these proto-CAIs, producing radionuclides (Lee et al., 1998).  543 
COSMOGENIC EFFECTS ON THE ISOTOPIC COMPOSITION OF METEORITES 544 
Cosmogenic effects may alter isotopic composition of meteorites, which can complicate 545 
interpretations of isotopic anomalies (e.g. Huang and Humayun, 2008). This is of 546 
particular concern when dealing with iron meteorites, which generally have long cosmic 547 
ray exposure ages. Chondrites and pallasites, with much younger exposure ages are not 548 
expected to show major cosmogenic effects for elements with small thermal neutron 549 
capture cross-sections. 550 
Cosmogenic nuclides are created by the interaction of cosmic ray particles with the atoms 551 
within a meteoroid (a meteorite before it impacts Earth’s surface). Different cosmogenic 552 
nuclides are the result of the interaction of atoms with cosmic ray particles travelling at 553 
different speeds and with different energies. The speed of cosmic ray particles decreases 554 
with depth as they enter a meteoroid (Markowski et al., 2006b). For example, 3He is 555 
produced when fast particles interact with atoms, and therefore the concentration of 3He 556 
decreases with depth of the meteoroid (Markowski et al., 2006b). It may therefore prove 557 
difficult to compare isotopic results obtained by different laboratories on meteorites 558 
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because the depth within the original body from which samples were obtained in each 559 
laboratory is unknown and samples could have experienced different levels of neutron 560 
capture.  561 
The location of a sample in relation to the pre-atmospheric surface of the original 562 
meteoroid, as well as the original size of the meteoroid, has been found to affect the 563 
intensity of cosmogenic neutron-burnout (Masarik, 1997; Markowski et al., 2006b). 564 
Markowski et al. (2006b) found that 182W/184W ratios were lower at the pre-atmospheric 565 
centre of a meteorite than at the pre-atmospheric surface (Figure 2-13). A depth of 566 
maximum cosmogenic effect can be identified in bodies by calculating the peak neutron- 567 
capture rates for the isotopes being studied (Masarik, 1997).  568 
 569 
Figure 2-13. Cross-sections through Carbo (IID) and Grant (IIIAB) studied in Markowski et al. (2006a) 570 
showing transect lines through the meteorites where measurements were made. The dashed lines 571 
indicate contours of equal 3He concentrations. 3He provides a proxy for the intensity of cosmic ray 572 
irradiation experienced through the body. This figure was taken from Markowski et al. (2006b). 573 
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Ni isotopes have small neutron capture cross-sections (4.20, 2.54, 1.90 and 14.60 barns for 574 
58Ni 60Ni 61Ni and 62Ni respectively) in comparison to other isotopes such as W (30, 19.2, 575 
10.9, 1.97 and 34.1 barns for 180W, 182W, 183W, 184W and 186W respectively) (Pomerance, 576 
1952), and have therefore often been overlooked when considering cosmogenic effects. 577 
60Ni and 61Ni have similar cross-sections but very different abundances, 26.2231 % and 578 
1.1399 %, respectively. During spallation, 58Ni produces 59Ni, which decays to 59Co, 60Ni is 579 
converted into 61Ni, and, in turn, 61Ni is converted into 62Ni. 62Ni then burns out to 580 
produce 63Cu. 581 
2.2.5 Evidence of stellar & nucleosynthetic processes 582 
The isotopic anomalies of daughter isotopes of SLRs in meteorites have identified 583 
different stellar contributions to the Solar System, and in this section the evidence for this 584 
is described.    585 
CHONDRITIC COMPONENTS 586 
CAIs 587 
Refractory inclusions of meteorites were the first phases examined for evidence of 588 
isotopic anomalies, as they are considered to be the first solids that formed in the Solar 589 
System, and are expected to provide the best preservation of such anomalies. Refractory 590 
inclusions are also acid resistant, and therefore better preserved (Birck, 2004). 591 
Oxygen isotope anomalies 592 
Oxygen isotopes anomalies were first discovered in CAIs. On a three oxygen isotope plot, 593 
CAIs plot along a mixing line with a slope of ~1 which differs from the terrestrial slope of 594 
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0.52 (Figure 2-14), indicating that CAIs formed in an environment with two distinct 595 
reservoirs: a 16O-poor (gas) and 16O-rich (dust) environment (Birck, 2004). 596 
 597 
Figure 2-14. Three oxygen isotope plot for meteorites and their components, where isotopic compositions 598 
are plotted in δ notation in reference to standard ocean water. (a) Terrestrial samples plot on the terrestrial 599 
fractionation line, whereas CAIs and other refractory inclusions plot along a distinct line clustering in the 600 
lower left of the plot. (b) Enlarged view of the yellow ‘chondrule and matrices’ box in (a), showing the 601 
ranges of oxygen isotopic compositions of chondrules from carbonaceous, enstatite and ordinary 602 
chondrites. This figure was taken from Scott (2007). 603 
Theories as to how these separate reservoirs were created form two distinct groups. It has 604 
been suggested that the 16O-poor gas was inherited from a heterogeneous nebula, possibly 605 
due to SN enrichment of the dust with 16O (Clayton et al., 1977). Yurimoto and 606 
Kuramoto (2002 and 2004), however, have postulated that the oxygen reservoirs were 607 
inherited from the molecular cloud, through a process of UV photo-dissociation of CO 608 
within the cloud. This results in an enrichment of 17O and 18O, largely in ice, which then 609 
evaporates creating a 16O poor gas when it enters what is termed the snow line (Figure 610 
2-15) (Yurimoto and Kuramoto, 2002 and 2004). The snow line is a discontinuity that 611 
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separates the cold outer disk, where water freezes, from the warm inner disk, where water 612 
evaporates. 613 
 614 
Figure 2-15. A schematic of the disk and the proto-star during the infall stage. Solid material settles 615 
towards the mid-plane of the dust layer and onto the proto-star. The snow line separates the inner disk, 616 
where water evaporates, from the cold outer disk, where water freezes. This figure was modified after 617 
Yurimoto and Kuramoto (2004). 618 
Alternatively, the oxygen isotope anomalies may have been generated in the solar nebula, 619 
rather than inherited from the molecular cloud. Heidenreich & Thiemens (1985) propose 620 
that mass independent fractionation can account for these anomalies; the symmetry of 621 
16O3 is preferentially fractionated compared to the asymmetric 
17O and 18O-containing 622 
molecules, leaving a 16O-poor gas. Lyons & Young (2005) also favoured a ‘late-generated’ 623 
16O-poor gas, explaining the anomalies through isotopic self-shielding by CO.  624 
Iron peak element anomalies 625 
Calcium isotope anomalies 626 
Ca is formed between Si-group and Fe-group synthesis (Niederer and Papanastassiou, 627 
1984) through several different stellar processes: (i) Si-burning (Cameron, 1979); (ii) the s- 628 
process (Peters et al., 1972) and; (iii) the e-process (Hartmann et al., 1985). Therefore the 629 
search for Ca anomalies can provide insights on these different stellar processes (Birck, 630 
2004). 48Ca is the only Ca isotope that shows significant anomalies  (~3 ε units on average, 631 
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) •10,000) (Lee et al., 1978; Niederer and Papanastassiou, 632 
1984).  633 
Ni isotope anomalies 634 
In contrast to other iron-peak elements, Ni has two isotopes that are produced in 635 
neutron-rich e-process environments (62Ni and 64Ni) (Birck and Lugmair, 1988a). Excesses 636 
in 62Ni and 64Ni (1 ε and 3 ε units respectively) have been found in ‘normal’ inclusions of 637 
Allende by Birck and Lugmair (1998a and b). These documented excesses of 62Ni and 64Ni 638 
found (along with other isotopic anomalies of iron-peak elements) suggest that the 639 
nucleosynthetic process accountable for creating these iron peak anomalies is nuclear 640 
statistical equilibrium (see Section 2.2.2) (Birck and Lugmair, 1988a).   641 
FUN inclusions (fractionation and unknown nuclear anomalies) 642 
FUN inclusions are a special type of CAI that are very small, on average 1-3 µm in size. 643 
Isotopic anomalies of the neutron-rich isotopes of the iron-peak elements are found in 644 
FUN inclusions e.g. 48Ca and 64Ni, but the origin of these anomalies is poorly constrained.  645 
As the name suggests, these neutron-rich anomalies are also associated with large mass 646 
dependent fractionations (through evaporation and condensation) and an unknown 647 
nuclear process. It is difficult to distinguish between the effects of the two processes as 648 
the isotopes used to normalise for mass fractionation could also have been affected by the 649 
unknown nuclear process (Krauskopf, 2002).  650 
Chondrules 651 
Chondrules are small round objects found in chondrites. CAIs and chondrules vary in 652 
oxygen composition both within chondrites and between different chondrite classes, 653 
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suggesting that both CAIs and chondrules sampled different nebula reservoirs (Scott, 654 
2007). Therefore, the study of O isotope anomalies in chondrules is valuable in 655 
determining their origin.  656 
Chondrules from carbonaceous chondrites 657 
On a three-isotope plot of oxygen, chondrules from carbonaceous chondrites (CC) plot 658 
along a mixing line of 1, (Figure 2-14b), parallel but slightly displaced from the CAI line. 659 
This suggests that the same process was operating during the formation of these 660 
chondritic components (Clayton, 1993).  This 16O mixing line results from the interaction 661 
between a 16O-poor reservoir (nebular gas) and a 16O-rich reservoir (dust grains) (Clayton, 662 
1993).  663 
Chondrules from ordinary chondrites 664 
Chondrules from ordinary chondrites (OC) generally plot above the terrestrial 665 
fractionation line (the line on which objects will plot if they have experienced terrestrial 666 
fractionation such as oxygen in Earth’s atmosphere) (Figure 2-14b) (Scott, 2007). This 667 
16O-mixing line suggest that chondrules from OC may have sampled a distinct reservoir 668 
area, or formed at a different time to chondrules from CC (Clayton, 1993). 669 
Chondrules from enstatite chondrites 670 
Chondrules from enstatite chondrites (EC) fall in yet another distinct range on the three- 671 
isotope plot of oxygen isotopes (Figure 2-14), between those of CC and OC chondrules 672 
(Clayton, 1993). Bulk analyses of enstatite chondrites plot on the terrestrial fractionation 673 
line, and their oxygen isotopic signature, like those of the other chondrules, can be 674 
explained by the interaction of different reservoirs (Clayton, 1993). 675 
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Presolar (stardust) grains 676 
Presolar grains are microscopic grains that are found in primitive meteorites, and whose 677 
stellar origin is indicated by isotopic compositions that are completely different from any 678 
Solar System matter. The presence of presolar grains was initially indicated by the 679 
identification of isotopic anomalies, specifically in the noble gasses Ne and Xe (Reynolds 680 
and Turner, 1964; Black and Pepin, 1969; Black, 1972). The carriers of the Xe and Ne 681 
anomalies were eventually identified as nanodiamonds (Lewis et al., 1987), SiC (Ming and 682 
Anders, 1988) and graphite (Amari et al., 1995).  683 
BULK METEORITE ANALYSIS 684 
Dauphas et al. (2002a) analysed the Mo isotopic composition of bulk iron meteorites, 685 
mesosiderites, pallasites, and chondrites and found clear anomalies, showing either 686 
coupled r- and p-process effects or mirrored s-process effects. These signatures are 687 
termed ‘Mo-w signature’ and ‘Mo-m signature’, respectively, because of the shape the 688 
trends make on a graph of Mo isotopic composition (e.g. Figure 2-16). Subsequently, 689 
Dauphas et al. (2002b) performed sequential digestion of the carbonaceous chondrites 690 
Orgueil and Allende. The Mo isotopic composition of each fraction was determined, and 691 
it was found that Orgueil shows internal heterogeneity, with one fraction showing a ‘Mo- 692 
w signature’ and a second fraction showing a ‘Mo-m signature’ (Figure 2-16). These 693 
signatures provide evidence for a cosmic memory of presolar contributions to the Solar 694 
System (Dauphas et al., 2002a and b). The Mo-m signature is thought to be hosted in 695 
presolar grains such as SiC or a currently unidentified presolar phase. This internal 696 
heterogeneity was not however found in Allende, most probably due to thermal 697 
processing experienced before or after accretion (Dauphas et al., 2002b). In contrast to 698 
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Dauphas et al. (2002a and b), Becker & Walker (2003) found no such anomalies in their 699 
study of primitive and differentiated meteorites. The discrepancy between these two 700 
studies has been attributed either to selective digestion or to the correction for 701 
instrumental mass fractionation (Birck, 2004).  702 
 703 
Figure 2-16. The molybdenum isotopic composition of the CI carbonaceous chondrite Orgueil, clearly 704 
showing the ‘Mo-w’ and ‘Mo-m’ signatures. The number alongside each curve denotes the sample type 705 
(#0 represents a bulk sample of Orgueil and #1-4 represent the leachate fractions made by Dauphas et al. 706 
(2002b)). This figure was taken from Dauphas et al. (2002b). 707 
2.3 PLANETARY ACCRETION  708 
After the proto-Sun formed, bipolar winds from the young star efficiently expelled the gas 709 
(30-50% of the mass) from the nebula, allowing the dust particles that had been supported 710 
in the gas to settle into the midplane of the nebula. The majority of this midplane settling 711 
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would have occurred on a time frame of 103–104 years (Weidenschilling, 1980) and 712 
subsequently the snow line developed (Figure 2-15) (Yurimoto and Kuramoto, 2004).  713 
Gravitational instability cannot account for the initial formation of planetesimals from 714 
dust grains, as gravity only plays a role when bodies reach a kilometre-size scale. The most 715 
likely process to account for dust grain coagulation is ‘dust grain sticking’. Weidenschilling 716 
(1980) suggests that Van der Waals forces (short range attractive forces between 717 
molecules) are sufficient to cause this sticking, producing centimetre-sized bodies from 718 
the dust particles.  719 
Growth of these centimetre-sized bodies continues due to size-dependent settling of small 720 
dust particles on larger coagulations, leading to kilometre-sized bodies (Weidenschilling, 721 
1980). There are three stages of planetary accretion that follow the production of 722 
kilometre-sized objects, outlined in the following section, and are summarised from 723 
Chambers (2007).  724 
2.3.1 Runaway growth 725 
Initially, runaway growth occurs where large bodies with relatively small velocities grow 726 
rapidly due to collisions with smaller and faster bodies. These large bodies can become 727 
100 times the size of small bodies, thereby creating planetary embryos.  728 
2.3.2 Oligarchic growth 729 
During oligarchic growth, the large size of these embryos causes the turbulence around 730 
them to increase dramatically, slowing their growth and allowing the smaller bodies 731 
growth rate to catch up. 732 
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2.3.3 Late stage accretion and giant impacts  733 
The final stage of accretion is marked by giant impacts. Planetesimals can no longer resist 734 
the gravitational pull toward the large planetary embryos, resulting in giant collisions, and 735 
eventually the formation of the planets. 736 
SLRs provide constraints on the melting and differentiation of planets. For example, core 737 
formation can be studied through the use of the Hf-W system (e.g. Kleine et al. 2002 and 738 
2005; Markowski et al. 2006b; Schersten et al. 2006). 182Hf decays to 182W (t½ = 9 Myr) 739 
(Lee et al., 1997). Hf is lithophile while W is moderately siderophile, therefore the Hf/W 740 
ratios will be higher in silicate than in metal. Thus, any segragation of metal and silicate 741 
such as core formation, during the half-life of 182Hf, would result in 182W excesses in 742 
silicate and 182W deficits in metal, in comparison to undifferentiated chondritic material. 743 
The study of ε182W anomalies in meteorites therefore allows metal-silicate differentiation 744 
to be dated (e.g. Kleine et al., 2002; and 2005). 745 
The differentiation of the crust and the mantle can be studied using the isotopic system of 746 
146Sm-142Nd (t½ = 103-106 Myr), as partial melting fractionates this system (Caro et al., 747 
2003; Boyet and Carlson, 2005). The melt (crust) has a low Sm/Nd ratio and the melt 748 
residue (mantle) has a high Sm/Nd ratio. The study of ε142Nd anomalies in meteorites 749 
provides constraints on the timing of this process. If the differentiation of crust and 750 
mantle occurred during the half-life of 146Sm, then excesses in ε142Nd would be found in 751 
the mantle and deficits in ε142Nd would be found in the crust (Caro et al., 2003; Boyet and 752 
Carlson, 2005).  753 
 754 
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2.4 PLANETARY HEATING MECHANISMS 755 
Iron and pallasite meteorites provide evidence that body-wide heating and subsequent 756 
differentiation of parent bodies occurred early in the history of the Solar System. 757 
However, the means by which this heat was generated is subject to debate, as early- 758 
formed planetesimals were too small and differentiated too quickly to generate the heat 759 
required through accretion or via decay of long-lived isotopes such as 235U or 40K.  760 
Herbert & Sonett (1978) concluded that asteroids with a radius of 25 –  250 km can 761 
experience sufficient heating via electrical induction to cause melting and differentiation. 762 
Hsui & Toksoz (1977) found that initially cold bodies with a radius <1000 km were 763 
unlikely to melt, and that any melting and differentiaton experienced was most likely to be 764 
due to heat from accretion, induction and/or decay of SLRs. Thus, attention turned to the 765 
decay of SLRs as a plausible heating mechanism.  766 
26Al has been considered a possible heat source for early planetesimal melting due to the 767 
large amount of heat produced per nucleon during its rapid decay (Urey, 1955). The 768 
melting of the moon, planets and planetesimals was initially thought to be largely due to 769 
the radioactive heat provided from the decay of K, U and Th (Kuiper, 1954). However, 770 
these long-lived nuclides require a long period of time (on the order of 109 yrs) to produce 771 
a sufficient amount of heat, and the abundances of such nuclides in the Earth and other 772 
planets does not support their role in such heating (Urey, 1955). The short half life, 773 
potentially high initial abundance, and high energy output (3.3 MeV of energy per 774 
nucleon) from decay of 26Al, led Urey (1955) to suggest it was the most likely candidate to 775 
provide the heat source required for early planetesimal heating.  776 
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Roy & Kohman (1957) discovered 60Fe, which was found to produce 3.04 MeV of energy 777 
per nucleon. The potential for 60Fe to provide a similar role as 26Al in planetesimal heating 778 
has been unclear, since no definite estimate of the initial abundance of 60Fe (determined 779 
from the initial 60Fe/56Fe ratio of the Solar System) has been agreed upon (Shukolyukov 780 
and Lugmair, 1993a). Using initial 60Fe/56Fe values from CAIs to approximate the initial 781 
production ratio, Shukylokov & Lugmair (1993a) calculated heat production in a small 782 
planetesimal that had a starting temperature of 0°C and experienced no heat loss. The 783 
results showed there was sufficient 60Fe to cause melting of the planetesimals during the 784 
first few million years after accretion. In this scenario (along with the decay of 26Al), 785 
melting of planetary bodies during the first few million years of Solar System formation 786 
would have been unavoidable (Shukolyukov and Lugmair, 1993a).  787 
More recently, Bizzarro et al. (2005) obtained 26Al – 26Mg isotope data from meteorites 788 
which sampled the eucrite parent body (EPB) and the mesosiderite parent body (MPB). 789 
26Mg excesses were observed in all basaltic samples, and were concluded to result from the 790 
decay of 26Al. The age of magmatism of the parent bodies was calculated by comparing 791 
the 26Al/27Al ratios to the initial 26Al/27Alo ratio of CAIs. With this information, Bizzarro et 792 
al. (2005) were able to develop a new accretionary timescale which showed that 793 
differentiatied meteorites accreted and melted before the accretion of chondrites, which 794 
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2.5 NICKEL ISOTOPES IN METEORITES 799 
Nickel has five stable isotopes (58, 60, 61, 62 and 64), (Table 2-1), and is potentially a 800 
powerful early Solar System chronometer and a tool to identify the astrophysical setting in 801 
which our Solar System formed. It is of interest for two main reasons:  802 
(1) Variations of 60Ni abundances in meteorites can potentially result from the decay 803 
of short-lived 60Fe (t1/2 = 1.49 Myr) (Kutschera et al., 1984) if 
60Fe was injected by 804 
a nearby SN or AGB star into the proto-Solar System shortly before or during the 805 
Solar System’s formation.  806 
(2) Variations in the abundances of the two neutron-rich isotopes, 62Ni and 64Ni, in 807 
meteorites might also be a powerful tracer for different stellar nucleosynthetic 808 
inputs into the proto-Solar System, and provide timescales of mixing of these 809 
different nucleosynthetic components in the proto-planetary disk. 810 
Ni measurements were initially carried out using thermal ionisation mass spectrometry 811 
(TIMS) and secondary ion mass spectrometry (SIMS). Ni isotopes are relatively difficult to 812 
measure, as the variations are very small. The Ni isotopic anomalies in metallic material, if 813 
present, are likely to be small because the Fe/Ni ratio is not strongly fractionated during 814 
the stages of condensation in the nebula, segregation of metallic cores and fractional 815 
crystallisation of metal cores. Due to these difficulties, the Ni and the Fe-peak group of 816 
elements have been relatively understudied until recently (Morand and Allegre, 1983). 817 
With recent technological advances in multi-collector inductively coupled plasma mass 818 
spectrometry (MC-ICPMS), it has become possible to precisely and accurately study and 819 
measure these anomalies.  820 
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Ni is particularly important as it is situated in the Fe-peak group (Morand and Allegre, 821 
1983). Elements of this group have the most stable nuclei and are of interest as they are 822 
the final product of the stellar nuclear combustion process (Birck and Lugmair, 1988a). 823 
Table 2-1. Table of the isotopes of Ni. Stable isotopes are represented in the grey bars, with relative 824 
proportions shown in blue bars. This table was modified after Firestone (2000). 825 
 826 
Variations of 60Ni abundances in meteorites may result from the decay of short-lived 60Fe 827 
(t1/2 = 1.49 Myr) (Kutschera et al., 1984). 
60Fe can only be synthesised in AGB stars or a 828 
core collapse SN (cc-SN) (e.g. Type Ib, Ic and Type II SN) (Figure 2-12) (Lee et al., 1998; 829 
Gounelle et al., 2006; Dauphas et al., 2008) making it a valuable fingerprint for the 830 
contribution of these astrophysical processes into the proto- or newly formed Solar 831 
System. As described in Section 3.4, the initial discovery of the nuclide 60Fe was in 1957 832 
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when Roy & Kohman (1957) observed 60Fe through the production of 60Co via β decay, 833 
eventually producing the daughter nuclide 60Ni (Shukolyukov and Lugmair, 1993a). Roy & 834 
Kohman (1957) were also the first to measure the half life of 60Fe (3 x 105 yr), later revised 835 
to 1.49 x 106 yr (Kutschera et al., 1984).  836 
60Fe can be synthesised either through the r-process from 56Fe or through the e-process 837 
(Hartmann et al., 1985). It can also be produced in a Type Ia SN nearing the 838 
Chandrasekhar mass limit, where the electron density can reach high enough levels to 839 
produce such a neutron-rich nuclide (Meyer and Clayton, 2000). Lee et al. (1998) 840 
investigated possible pathways to produce 60Fe other than by SN, such as inelastic 841 
scattering, decay of 64Ni to 60Fe, or neutron transfer using lighter Fe isotopes and fusion 842 
reactions, but concluded that the only reasonable production pathway is that of a SN. The 843 
initial abundance of 60Fe (determined from the initial 60Fe/56Fe ratio of the Solar System) 844 
provides an injection fingerprint. In order to calculate the estimated Solar System initial 845 
60Fe/56Fe0 ratio, a plot of ε60Ni versus 56Fe/58Fe is constructed for meteoritic material, and 846 
previously obtained estimates of this ratio are outlined below. 847 
 Models indicate low mass AGB stars can produce abundances of 60Fe/56Fe of ~ 1 x 10-7 848 
and intermediate mass AGB stars are predicted to produce abundances of 60Fe/56Fe of 1-2 849 
x 10-6 (Wasserburg et al., 2006). The optimal model to explain the measured abundance 850 
for 60Fe and other radionuclides corresponds to a single AGB source, rather than multiple 851 
AGB stars (Wasserburg et al., 1994). However, the likelihood of an interaction of an AGB 852 
star with a molecular cloud is small (Kastner and Myers, 1994).  853 
Alternatively a Type II SN source for radionuclides has been proposed. Wasserburg et al. 854 
(1998) constructed a model for the injection of 60Fe from a Type II SN, predicting 855 
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60Fe/56Fe abundances of 3 x 10-7 and greater, depending on the metallicity of the star. 856 
From the observed 60Fe/56Fe abundances, a Type II SN input appears to be the most 857 
likely trigger for molecular cloud collapse (e.g. Tachibana et al. 2006). The observed 858 
abundances of some SLRs (most notably 26Al and 41Ca), however, are not compatible with 859 
a SN trigger. Hence, it has been proposed that a Type II SN injected the 60Fe and 53Mn 860 
triggering the molecular cloud collapse and the remaining SLRs which can be synthesised 861 
by other stellar processes were contributed separately by a low-mass AGB star or 862 
irradiation (Wasserburg et al., 2006). The likely astrophysical process that triggered the 863 
collapse of the fragment of the molecular cloud to form the Solar System is difficult to 864 
constrain until the initial 60Fe/56Fe ratio can be confirmed.  865 
Yet another source for radionuclides is a Wolf-Rayet star, a massive, short lived star which 866 
contributes nucleosynthetic input only during its SN phase. A Wolf-Rayet star could have 867 
supplied the homogeneous spread of 26Al via stellar winds (possibly the cause of nebula 868 
collapse) early in the proto-Solar System, and separately injected the 60Fe during a SN type 869 
Ib/c event into the proto-planetary disk after the formation of the Solar System (Bizzarro 870 
et al., 2007). Model-predicted Solar System intial 60Fe/56Fe ratios are 1-2 x 10-8 (Arnould et 871 
al., 1997).  872 
The search for clear evidence of 60Ni anomalies in meteorites has posed a significant 873 
challenge (Tachibana and Huss, 2003) and research to-date has not produced consistent 874 
results. A number of studies have now reported Ni isotope data for meteorites. Initially 875 
Shimamura & Lugmair (1983) found no Ni isotope anomalies in inclusions of the 876 
carbonaceous chondrite Allende and, similarly, Morand & Allegre (1983) found no Ni 877 
isotope anomalies in a study of  chondrites, irons and pallasites. The first evidence of Ni 878 
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isotopic anomalies in meteoritic material resulted from the study of Birck & Lugmair 879 
(1988a), who also analysed refractory inclusions of the carbonaceous chondrite Allende. 880 
Birck and Lugmair (1988a) reported excesses of the neutron-rich isotopes 62Ni and 64Ni, 881 
and in one sample, excesses of 60Ni, from which they calculated a Solar System initial 882 
60Fe/56Fe ratio of 1.6 x 10-6. However as this 60Ni excess was not correlated with Fe/Ni 883 
ratios, it was later concluded to be a nucleosynthetic anomaly rather than due to the decay 884 
of 60Fe (Shukolyukov and Lugmair, 1993a).  885 
Clear evidence of the former presence of live 60Fe in meteorites was first discovered in 886 
eucrite meteorites by Shukolyukov & Lugmair (1993a). Differentiation of silicate and 887 
metal during core formation of the eucrite parent body (EPB) results in the removal of Ni 888 
to the core and, coupled with magmatic differentiation, leads to very high Fe/Ni ratios in 889 
basaltic eucrites. Therefore any detected Ni excess in the silicate samples (with correlated 890 
high Fe/Ni ratios) of this body would clearly indicate the in situ decay of 60Fe 891 
(Shukolyukov and Lugmair, 1993a). ε60Ni excesses of 6 – 50 ε units were reported for 892 
basaltic eucrites, demonstrating the existence of 60Fe during the formation of the eucrite 893 
parent body. The Solar System initial 60Fe/56Fe ratio determined for the eucrite Chervony 894 
Kut was 3.9 (± 0.6) x 10-9. Additional evidence of live 60Fe was found when analysing the 895 
achondrite Juvinas, which had a Solar System initial 60Fe/56Fe ratio of 4.3 x 10-10 896 
(Shukolyukov and Lugmair, 1993b). Marked variation was found between the 60Fe/56Fe0 897 
calculated for Chervony Kut and Juvinas (3.9 x 10-9 versus 4.3 x 10-10), in contrast to the 898 
uniform abundance of 53Mn (t1/2 = 3.7 ± 0.4 Myr) (Honda and Imamura, 1971) calculated 899 
from these same eucrites, suggesting the 53Mn-53Cr system was more resistant to 900 
secondary disturbance (Lugmair and Shukolyukov, 1998). 901 
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Subsequently, Kita et al. (2000) found no resolvable 60Ni excesses in chondrules of the 902 
unequilibrated ordinary chondrites Bishunpur and Semarkona, using in situ SIMS 903 
techniques. An upper limit 60Fe/56Fe0 initial ratio of <3.4 x 10
-7 was calculated in olivines 904 
from chondrules in Semarkona by correcting this value to the time of CAI formation. 905 
SIMS analyses of the high Fe/Ni sulfide mineral phase troilite (FeS) from Bishunpur and 906 
Krymka found clear 60Ni excesses (Tachibana and Huss, 2003). Tachibana and Huss 907 
(2003) refined the 60Fe/56Fe production ratio for the troilite phase from Krymka chondrite 908 
to a lower limit of 1.2 x 10-7 and an upper limit of <1.4 x10-7 (equivalent to the upper limit 909 
60Fe/56Fe0 calculated for Semarkona chondrite measured by Kita et al. 2000), assuming 910 
that the troilite phase formed at the same time as CAIs. Similarly, Mostefauoi et al. (2005) 911 
found clear 60Ni excesses in troilite from Semarkona, which correlated well with 56Fe/58Ni 912 
ratios, and provided evidence for 60Fe decay. Mostefauoi et al. (2005) calculated an initial 913 
60Fe/56Fe0 of 0.92 (± 0.24) x 10
-6 from troilite and magnetite mineral phases from the 914 
Semarkona chondrite (the troilite was formed <1 My after CAI formation, and the 915 
magnetite formed ~5 My after the troilite) which is too large to be produced in an AGB 916 
star and not possible to be produced by spallation effects. It does, however, fall into the 917 
range expected to be produced during a Type II SN (Mostefaoui et al., 2005). Guan et al. 918 
(2007) investigated sulfide inclusions of unequilbrated enstatite chondrites using SIMS and 919 
also found 60Ni excesses that correlated with Fe/Ni ratios, and calculated an initial 920 
60Fe/56Fe ratio of 2 x 10-7 from the sulfide phases in the enstatite chondrites. Tachibana et 921 
al. (2006) also calculated the 60Fe/56Fe ratio of sulfides from Semarkona and Bishunpur 922 
chondrites, and produced an estimate of the Solar System initial 60Fe/56Fe of 5 x 10-7 by 923 
correcting this value to the time of CAI formation. This production ratio is consistent 924 
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with ratios from models of intermediate mass AGB stars (Wasserburg et al., 2006) and 925 
Type II SN (Tachibana et al., 2006). 926 
Ni isotope studies of meteorites by MC-ICPMS techniques have produced somewhat 927 
conflicting results. Quitté et al. (2006) found no evidence for measurable Ni isotopic 928 
anomalies in Fe-Ni metal of iron meteorites. Similarly, Cook et al. (2006) found no 929 
resolvable ε60Ni excesses in irons and pallasites and calculated a Solar System 60Fe/56Fe 930 
initial ratio of 1 x 10-6 and a 60Fe/56Fe initial ratio of 4.6 x 10-7 at the time of Fe-Ni 931 
fractionation of the parent bodies of the studied meteorites. Moynier et al. (2005) reported 932 
evidence for 60Ni anomalies in the metal phases in chondrules of chondrites and iron 933 
meteorites, and calculated a 60Fe/56Fe0 ratio of 3 x 10
-6, which is consistent with Type II 934 
SN ejecta. However in a more recent study, Moynier et al. (2007) found no ε60Ni 935 
anomalies in metal from chondrites, irons, pallasites and mesosiderites. Dauphas et al. 936 
(2008) measured Ni solutions separated from iron, chondrite and pallasite meteorites 937 
previously analysed by Cook et al. (2006) and found no Ni isotopic anomalies. No 938 
correlation between the 60Ni abundance and Fe/Ni ratio was found, and no 58Fe 939 
anomalies were observed, allowing Dauphas et al. (2008) to conclude that 60Fe was 940 
injected early and efficiently homogenized before the formation of these meteorites. This 941 
supports the hypothesis that a SN triggered the collapse of the molecular cloud and may 942 
also allow the 60Fe-60Ni system to be used as a potential chronometer. A 60Fe/56Fe0 ratio of 943 
6 x 10-7 was calculated from the meteoritic metal, which is consistent with the value of 5- 944 
10 x 10-7 from Tachibana et al. (2006). Dauphas et al. (2008) also analysed 64Ni in the 945 
meteorites studied but found no resolvable anomalies.   946 
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In contrast, Bizzarro et al. (2007) reported deficits in ε60Ni and ε62Ni in most classes of 947 
early-formed differentiated meteorites (irons, pallasites, angrites and ureilites) compared to 948 
Earth, Mars and chondrites, which were characterized by variable ε62Ni. A uniform ε60Ni 949 
deficit of -0.243 ± 0.020 recorded for these differentiated meteorites (with highly variable 950 
Fe/Ni ratios) led Bizzarro et al. (2007) to conclude that the Solar System experienced a 951 
late injection of 60Fe ca. 1 Myr after its formation, at a time when the planetesimals from 952 
which these differentiated meteorites originated had already accreted. Assuming that 60Fe 953 
was absent when the early parent bodies accreted, Bizzarro et al. (2007) calculated an 954 
initial Solar System 60Fe/56Fe value of 3.8 x 10-7. This estimate is directly dependent on the 955 
age taken for the period between formation of CAIs and the meteorite studied. 956 
In the highest precision Ni isotope study of meteorites yet reported, Regelous et al. (2008) 957 
measured small but apparently analytically resolvable variations in ε60Ni (0.004 to -0.216 958 
for carbonaceous chondrites and 0.021 to -0.159 for irons) and ε62Ni (0.253 to -0.089 for 959 
carbonaceous chondrites and 0.174 to -0.154 for irons), concluding that the ε62Ni 960 
variations are of  nucleosynthetic origin and that some of the ε60Ni deficits in the iron 961 
meteorites could represent the effect of 60Fe decay in metal with sub-chondritic Fe/Ni. 962 
However, the chondrites analysed by Regelous et al. (2008) show as much variation in 963 
ε60Ni as the iron meteorites. These results differ significantly from those of Bizzarro et al. 964 
(2007). The carbonaceous chondrite data of this study require an initial 60Fe/56Fe ratio of 965 
<1 x 10-7 and the ordinary and enstatite chondrites are consistent with estimates of the 966 
initial 60Fe/56Fe ratio as high as 3 x 10-7. 967 
Most recently, Chen et al. (2009) measured Ni isotope data for Fe-Ni metal and sulfide of 968 
several iron meteorites as well as sulfides and whole rock from St Séverin chondrite and 969 
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chondrules from Chainpur chondrite using improved multiple-collector, positive ion, 970 
thermal ionization mass spectrometric (MC-PTIMS) techniques. These authors claimed 971 
this approach avoids the analytical problems that may characterise Ni isotope analysis by 972 
MC-ICPMS i.e. mass interference in the Ni mass range, which may account for the 973 
inconsistencies in the published Ni isotope data. Chen et al. (2009) reported no clear 974 
evidence for Ni isotope anomalies (of either radiogenic or nucleosynthetic nature). All 975 
meteorite samples had ε60Ni and ε61Ni values within 0.2 ε and 0.5 ε, respectively, of the 976 
terrestrial value. Sulfide data reported also did not reproduce either Mundrabilla data 977 
presented in Cook et al. (2008) or Toluca and Odessa sulfide data reported in Quitté et al. 978 
(2006) which apparently showed significant Ni anomalies. From the measured ε60Ni 979 
values and 56Fe/58Ni ratios, initial 60Fe/56Fe ratios of < 2.7 x 10-7 for Chainpur chondrite, 980 
< 10-8 for St Séverin sulfides and 4 x 10-9 for iron meteorites were calculated. 981 
As is evident from the above summary, recently published Ni isotopic studies have not 982 
provided consistent results. Only when consistency is achieved can theoretical models for 983 
Solar System formation based on this potentially useful isotopic system advance. By 984 
comparing the measured 60Fe/56Fe ratio with the model-predicted 60Fe/56Fe ratio, some 985 
constraints can be placed on the most appropriate stellar source for 60Fe. Table 2-2 986 
provides an overview of the published 60Fe/56Fe0 ratios and predicted 
60Fe/56Fe0 ratios for 987 
different stellar sources. The model-predicted Solar System initial 60Fe/56Fe ratio may not 988 
be a true representative of the actual Solar System initial 60Fe/56Fe ratio, as this ratio 989 
depends on the level of dilution of 60Fe with 56Fe, on the distance that the 60Fe has to 990 
travel from the source (SN) to the Solar System and also on the amount of time that has 991 
passed between the SN injection and the formation of the Solar System. 992 
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Table 2-2. Comparison of recently published 60Fe/56Fe
0
 ratios calculated from various phases of 993 
meteorites. The most likely stellar source can be assigned by comparing the model-predicted 60Fe/56Fe
0
 994 
ratios with the calculated 60Fe/56Fe0 ratios. Comparative data is taken from the literature cited in the table. 995 
 996 
 997 
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Chapter Three 998 
3 Nickel isotope measurements of 999 
Fe-Ni metal in meteorites  1000 
High Precision Nickel Isotope Measurements 1001 
of Fe-Ni Metal in Meteorites 1002 
FORMATTED FOR SUBMISSION TO GEOCHEMICA ET 1003 
COSMOCHIMICA ACTA. 1004 
3.1 ABSTRACT  1005 
We report high precision Ni isotope measurements of Fe-Ni metal from two non- 1006 
magmatic irons, five magmatic irons, two main group pallasites and one chondrite 1007 
including some meteorites that have not yet been analysed to high precision before (IAB 1008 
irons). The majority of the studied meteorites have been processed through three different 1009 
Ni separation techniques previously used in other Ni isotope studies of meteorites (TEVA 1010 
spec chemistry, AG 1x4 anion chemistry and Ni-spec chemistry). Ni isotope ratios were 1011 
measured on a Nu Plasma MC-ICPMS with final precisions of < ±0.05 ε (ε60Ni ) and < 1012 
±0.10 ε (ε62Ni) (2 se), with estimated external reproducibilities that are ca. ≤ 2 times larger 1013 
than the 2 se. Ni isotope ratios are corrected for instrumental mass bias using 61Ni/58Ni. 1014 
Significant ε60Ni deficits were measured in magmatic irons, the carbonaceous chondrite 1015 
Gujba and the main group pallasites, with ε60Ni values ranging -0.041 to -0.205. ε62Ni 1016 
values range from +0.299 to -0.052, and support several genetic associations between 1017 
meteoritic groups. The majority of meteorites (Canyon Diablo (IAB), Sikhote Alin (IIAB), 1018 
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Henbury (IIIAB), Mundrabilla (IIICD), Gibeon (IVA), Brenham (PMG) and Esquel 1019 
(PMG)) have terrestrial ε62Ni values within analytical uncertainty indicating that the Ni 1020 
isotopic composition of the Solar System at the time of their parent body formation was 1021 
homogeneous. However, Toluca (IAB), Chinga (IVB) and Gujba (CBa) all have 1022 
significantly positive ε62Ni values, which are attributed to nucleosynthetic effects. The Ni 1023 
isotope data for the meteorites measured in this study are in agreement with Ni isotope 1024 
measurements of the same meteorite/meteorites from the same group made by Dauphas 1025 
et al. (2008), Regelous et al. (2008) and Chen et al. (2009) and are inconsistent with 1026 
Bizzarro et al. (2007). The ε60Ni deficits and the 56Fe/58Ni ratios measured for pallasites 1027 
and magmatic irons reported here are consistent with a maximum estimate of initial 1028 
60Fe/56Fe of 4 x 10-7 at the time of metal formation of these meteorites, an estimate that is 1029 
consistent with a supernova interaction with the molecular cloud fragment just prior to 1030 
the formation of the Solar System. 1031 
3.2 INTRODUCTION 1032 
Cameron & Truran (1977) first formulated the hypothesis that a Type II supernova (SN) 1033 
drove the collapse of a fragment of a molecular cloud and subsequent Solar System 1034 
formation. Some isotopic anomalies in meteorites would therefore be the result of 1035 
nucleosynthesis from this supernova (SN). An alternative theory is that stellar winds from 1036 
a nearby massive star caused the collapse and injected short-lived radionuclides (SLRs) 1037 
into the proto-planetary disk (Hester et al., 2004; Bizzarro et al., 2007; Ouellette et al., 1038 
2007). Ouellette et al. (2007) carried out numerical modelling to simulate the latter theory, 1039 
showing that dust grains (the main transport of radionuclides) are injected into the disk 1040 
with 100% efficiency during such a process. 1041 
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Anomalies in the daughter products of now extinct SLRs can be used to study the 1042 
astrophysical setting in which our Solar System formed.  SLRs are a product of various 1043 
stellar nucleosynthetic processes and/or cosmic ray irradiation and can provide 1044 
fingerprints of such processes. Nickel has five stable isotopes (58, 60, 61, 62 & 64) and is 1045 
potentially a powerful early Solar System chronometer and tracer of nucleosynthetic 1046 
processes with which to study the formation and early evolution of the Solar System. 1047 
Firstly, variations of 60Ni abundances in meteorites may result from the decay of short- 1048 
lived 60Fe (t1/2 = 1.49 Myr) (Kutschera et al., 1984). Importantly, 
60Fe can only be 1049 
synthesised in asymptotic giant branch stars (AGB) or a core collapse SN (e.g. Type Ib, Ic 1050 
and Type II SN) (Lee et al., 1998; Gounelle et al., 2006; Dauphas et al., 2008) making it a 1051 
valuable fingerprint for the contribution of these astrophysical processes into the proto- 1052 
/early Solar System. Furthermore, 60Fe has been considered a possible heating mechanism 1053 
for early planetesimal differentiation, as it has a high decay energy (3.04 MeV) (Roy and 1054 
Kohman, 1957; Shukolyukov and Lugmair, 1993b). Thus, it is important to accurately 1055 
ascertain whether 60Fe was present, and if so, in what initial abundance in the early Solar 1056 
System. Although both AGB and Type II SN are capable of producing 60Fe (Dauphas et 1057 
al., 2008), an encounter between the molecular cloud and Type II SN is more probable 1058 
given that the typical probability of an encounter between a mass-losing AGB star and a 1059 
molecular cloud has been calculated as ~1% (Kastner and Myers, 1994). Neutron-rich 1060 
isotopes of Ni (62Ni and 64Ni) may also provide a powerful tracer for different stellar 1061 
nucleosynthetic inputs into the proto-Solar System and the timescales of mixing of these 1062 
different nucleosynthetic components in the proto-planetary disk. Furthermore, only once 1063 
the distribution of Ni isotopes in the early Solar System has been ascertained, can small 1064 
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variations in 60Ni be confidently ascribed to the decay of 60Fe rather than nucleosynthetic 1065 
variations resulting from incomplete mixing of presolar stellar contributions.  1066 
A number of studies have now reported Ni isotope data for meteorites. Initially 1067 
Shimamura & Lugmair (1983) found no Ni isotope anomalies in Allende refractory 1068 
inclusions and, similarly, Morand & Allegre (1983) found no Ni isotope anomalies in a 1069 
study of  chondrite, iron and pallasite meteorites. The first evidence of Ni isotopic 1070 
anomalies in meteoritic material was the study of Birck & Lugmair (1988a), who also 1071 
analysed refractory inclusions of the carbonaceous chondrite Allende. Birck and Lugmair 1072 
(1988a) reported excesses of the neutron-rich isotopes 62Ni and 64Ni and, in one sample, 1073 
excesses of 60Ni.  Because this 60Ni excess was not correlated with Fe/Ni ratios, it was 1074 
concluded to be a nucleosynthetic anomaly rather than due to the decay of 60Fe 1075 
(Shukolyukov and Lugmair, 1993a).  1076 
Clear evidence of the former presence of live 60Fe in meteorites was first found by 1077 
Shukolyukov & Lugmair (1993a) in a study of eucrite meteorites. Differentiation of silicate 1078 
and metal during core formation on the eucrite parent body (EPB) results in the removal 1079 
of Ni to the core, and coupled with magmatic differentiation, leads to extremely high 1080 
Fe/Ni in basaltic eucrites. Therefore any Ni excess detected in the silicate samples (with 1081 
correlated high Fe/Ni ratios) of this body would clearly indicate the in situ decay of 60Fe 1082 
(Shukolyukov and Lugmair, 1993a). ε60Ni excesses of 6 – 50 ε units were reported, 1083 
demonstrating the existence of live 60Fe during the formation and differentiation of the 1084 
eucrite parent body.  1085 
Subsequently, Kita et al. (2000) found no resolvable 60Ni excesses in chondrules of the 1086 
unequilibrated ordinary chondrites Bishunpur and Semarkona using in situ SIMS 1087 
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techniques. However, SIMS analyses of the high Fe/Ni sulfide mineral phase troilite (FeS) 1088 
from Bishunpur and Krymka resolved clear 60Ni excesses (Tachibana and Huss, 2003). 1089 
Similarly, Mostefauoi et al. (2005) found 60Ni excesses in troilite from Semarkona, which 1090 
correlated with Fe/Ni ratios, and provided evidence for 60Fe decay. Guan et al. (2007) 1091 
investigated sulfide inclusions of unequilbrated enstatite chondrites using SIMS and also 1092 
reported 60Ni excesses that correlated with Fe/Ni ratios. 1093 
More recently, Ni isotope studies of meteorites by multiple-collector inductively coupled 1094 
plasma mass spectrometric (MC-ICPMS) techniques have produced somewhat conflicting 1095 
results. Quitté et al. (2006) found no evidence for measurable Ni isotopic anomalies in Fe- 1096 
Ni metal of iron meteorites. Similarly, Cook et al. (2006) found no resolvable ε60Ni 1097 
excesses in irons and pallasites. Dauphas et al. (2008) measured Ni solutions separated 1098 
from iron, chondrite and pallasite meteorites previously analysed in Cook et al. (2006) and 1099 
found no Ni isotopic anomalies. No correlation between the 60Ni abundance and Fe/Ni 1100 
ratio was found, and no 58Fe anomalies were found, allowing Dauphas et al. (2008) to 1101 
conclude that 60Fe was injected early and efficiently homogenized before the formation of 1102 
these meteorites.  1103 
In contrast, Bizzarro et al. (2007) reported deficits in ε60Ni and ε62Ni in most classes of 1104 
early formed differentiated meteorites (irons, pallasites and angrites) compared to Earth, 1105 
Mars and chondrites, which were characterized by variable ε62Ni. A uniform ε60Ni deficit 1106 
of -0.243 ± 0.020 recorded for these differentiated meteorites (with highly variable Fe/Ni 1107 
ratios) led Bizzarro et al. (2007) to conclude that the Solar System experienced a late 1108 
injection of 60Fe ca. 1 Myr after its formation, at a time when the planetesimals from 1109 
which these differentiated meteorites originated had already accreted.  1110 
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In the highest precision Ni isotope study of meteorites yet reported, Regelous et al. (2008) 1111 
measured small but apparently analytically resolvable variations in ε60Ni (+0.004 to -0.216 1112 
for carbonaceous chondrites and +0.021 to -0.159 for irons) and ε62Ni (+0.253 to -0.089 1113 
for carbonaceous chondrites and +0.174 to -0.154 for irons), concluding that the ε62Ni 1114 
variations are of  nucleosynthetic origin and that some of the ε60Ni deficits in the iron 1115 
meteorites could represent the effect of 60Fe decay in metal with sub-chondritic Fe/Ni. 1116 
However, the chondrites analysed by Regelous et al. (2008) show as much variation in 1117 
ε60Ni as the iron meteorites. These results differ significantly from those of Bizzarro et al. 1118 
(2007).   1119 
Most recently, Chen et al. (2009) measured Ni isotope data for Fe-Ni metal and sulfide of 1120 
several iron meteorites as well as sulfides and whole rock from St Séverin chondrite and 1121 
chondrules from Chainpur chondrite, using improved multiple-collector, positive ion, 1122 
thermal ionization mass spectrometric (MC-PTIMS) techniques. These authors claimed 1123 
that this approach avoids the analytical problems that may characterise Ni isotope analysis 1124 
by MC-ICPMS i.e. mass interference in the Ni mass range. Chen et al. (2009) reported no 1125 
clear evidence for Ni isotope anomalies (of either radiogenic or nucleosynthetic nature). 1126 
All meteorite samples had ε60Ni and ε61Ni values within 0.2 ε and 0.5 ε, respectively, of 1127 
the terrestrial value. Sulfide data reported also did not reproduce either Mundrabilla 1128 
sulfide data reported in Cook et al. (2006) or Toluca and Odessa sulfide data reported in 1129 
Quitté et al. (2006) that had previously indicated that large isotopic anomalies 1130 
characterised the sulfides. From the measured ε60Ni values and 56Fe/58Ni ratios, initial 1131 
60Fe/56Fe ratios of < 2.7 x 10-7 for Chainpur chondrite, < 10-8 for St Séverin sulfides and 4 1132 
x 10-9 for iron meteorites were calculated, which are similar to those estimated by 1133 
Regelous et al. (2008). 1134 
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Precise and accurate measurement of Ni isotope ratios by MC-ICPMS is hampered by 1135 
two factors that largely result from the small size of three of the nickel isotopes (61, 62 1136 
and 64).  This small size makes it difficult to: (a) precisely measure ratios involving, in 1137 
particular, 61Ni, due to both analytical noise during analyses and also the need to very 1138 
precisely measure baselines;  (b)  be confident that small isobaric interferences do not 1139 
compromise the accuracy of the Ni isotope data. Here, we report Ni isotopic 1140 
measurements by MC-ICPMS for Fe-Ni metal from non-magmatic irons, magmatic irons, 1141 
main group pallasites and chondrite meteorites. In most cases, Ni isotope measurements 1142 
have been determined on Ni separated from each meteorite by three different chemical 1143 
separation procedures. This new data allows comparisons with previously published Ni 1144 
isotope data on the nature of 60Ni and 62Ni isotope variations present in meteorites. 1145 
3.3 ANALYTICAL TECHNIQUES 1146 
All chemical and analytical techniques were performed in the Geochemistry Laboratory of 1147 
Victoria University of Wellington. Chemical separation of Ni from Fe-Ni metal was 1148 
carried out in class 10 laminar flow hoods in a class 100 clean room. SeastarTM and sub- 1149 
boiled quartz-distilled acids from AR grade acids were used in column chemistry and 1150 
cleaning.  1151 
The meteorites studied here include Fe-Ni metal from two non-magmatic irons, five 1152 
magmatic irons, two main group pallasites (PMG) and one carbonaceous chondrite. The 1153 
iron meteorites include examples that 182Hf-182W isotopic systematics (Markowski et al., 1154 
2006a) suggest formed very early in the Solar System (IVAs and IVBs), and also 1155 
somewhat younger examples (Canyon Diablo and Toluca, IAB). 1156 
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3.3.1 Sample digestion 1157 
Fe-Ni metal from meteorite samples was physically isolated using a small hand-held drill. 1158 
Surficial contamination and rust were removed using fine-grained silicon carbide 1159 
sandpaper. The metal was then acid-washed with ~4 mL of 3.5 M HNO3 at room 1160 
temperature for a few minutes. The cleaned Fe-Ni metal was then ‘washed’ again with 1.5 1161 
mL of 6 M HCl on a hotplate at 120°C for up to 5 min. The cleaned Fe-Ni metal was 1162 
then digested in a mixture of concentrated HNO3 and HCl. In order to ensure the 1163 
removal of any silicon from silicate inclusions in the metal prior to chemistry, the residues 1164 
were treated with 1 mL of concentrated Seastar™ HF acid and left overnight on a hotplate 1165 
at 120 °C, and then evaporated to dryness. The samples were then converted to chloride 1166 
by evaporation of concentrated HCl and brought into solution in 6 M HCl. The resulting 1167 
solution was centrifuged to ensure a solid free supernatant for column chemistry, prior to 1168 
aliquoting into two parts for Fe/Ni ratio measurements by ICP-MS and chemical 1169 
separation of Ni. 1170 
3.3.2 Chemical separation of Ni 1171 
Aliquots of the dissolved meteoritic metal were subjected to three different chemical 1172 
separation methods: (i) two passes through columns loaded with Eichrom TEVA resin 1173 
(50-100 µm particle size) following the method of Bizzarro et al. (2007); (ii) two passes 1174 
through columns loaded with Bio-Rad Anion AG 1x4 resin (200-400 mesh size) following 1175 
a procedure modified after Quitté & Oberli (2006) or; (iii) effectively a three-stage 1176 
chemistry, comprising a double-pass through Biorad anion resin as described above in (ii)  1177 
followed by a third-pass through columns loaded with Eichrom Ni resin (100-150 µm 1178 
particle size) following a procedure modified after Quitté & Oberli (2006). Aliquots of 1179 
most samples were processed through all three different chemical separations in order to 1180 
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evaluate the accuracy of Ni isotope measurements using the different Ni separation 1181 
techniques. Total procedural blanks for all three Ni chemistries ranged from 0.2 to 9.8 ng 1182 
and are insignificant.  1183 
TEVA CHEMISTRY 1184 
This chemical procedure was carried out following the method developed in Bizzarro et 1185 
al. (2007). Columns were packed with 3 mL of Eichrom TEVA resin and washed prior to 1186 
the loading of samples with 4 column volumes (cv, 1 cv = ~15 mL) of >18.2 MΩ grade 1187 
water, ½ cv of concentrated HCl, a further 3 cv of >18.2 MΩ water,  ½ cv of 6 M HCl 1188 
and a final 3 cv of >18.2 MΩ grade water. The resin was then pre-conditioned with either 1189 
½ cv of 6 M HCl (pass 1) or concentrated HCl (pass 2). Ni passed through the columns in 1190 
both steps and was collected in either 4.5 mL of 6 M HCl (pass 1) or 4.5 mL of 1191 
concentrated HCl (pass 2). Between passes, the Ni cut was evaporated to dryness and 1192 
oxidised three times with a 50:50 mix of concentrated HCl and concentrated HNO3 to 1193 
convert all Fe to Fe3+, ensuring full separation of Ni from Fe. This chemistry effectively 1194 
separates Ni from the major constituents in the Fe-Ni metal i.e. Fe and Co giving > 99% 1195 
Ni purity for irons and > 95% Ni purity for Gujba, which has on average 0.16 ± 0.11 wt. 1196 
% Cr (Rubin et al., 2003) (Table 3-2). However this chemistry does result in small but 1197 
significant amounts of P present in some Fe-Ni metal samples remaining in the Ni cut.   1198 
ANION CHEMISTRY 1199 
This chemical procedure was carried out following a procedure modified after Quitté & 1200 
Oberli (2006). Columns were packed with 2 mL of Bio-Rad AG 1x4 anion resin and 1201 
subsequently cleaned and conditioned following the method outlined above for TEVA 1202 
chemistry, prior to sample loading. Ni was also collected in the loading fraction in two 1203 
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passes using this chemistry. The first pass involved the elution and collection of 3 mL of 6 1204 
M HCl, while Fe is retained on the column, and the second pass of this chemistry involves 1205 
elution and collection of 3 mL of concentrated HCl. This procedure effectively separates 1206 
Fe from the Ni, giving > 99% Ni purity for irons and > 96% Ni purity for Gujba (Table 1207 
3-2).  1208 
NI SPECIFIC CHEMISTRY  1209 
This chemical procedure was carried out following a procedure modified after Quitté & 1210 
Oberli (2006). Columns made from 1 mL disposable pipettes with a reservoir volume of 4 1211 
mL were loaded with 3 mL of Eichrom Ni resin. The columns and resin were cleaned 1212 
with 3 cv (cv of 2 mL) of >18.2 MΩ grade water washes and pre-treated with 3 cv of 0.2 1213 
M NH4OH. The first step of this chemistry involved the processing of samples through 1214 
the two-step anion chemistry, as outlined previously, to provide a preliminary Fe-free Ni 1215 
cut. This Ni cut was then loaded onto the column, where Ni forms a complex with 1216 
dimethylglyoxime (DMG), and other elements such as Mg are eluted through the column 1217 
with 4 cv of 0.2 M NH4OH and discarded. Ni was then stripped from the column in 4 cv 1218 
of  3 M HNO3, which breaks down the DMG-Ni complex. This procedure results in > 1219 
99% Ni purity in irons and > 98% Ni purity in Gujba (Table 3-2). 1220 
Irrespective of the Ni chemical separation method, all Ni cuts were then treated in the 1221 
same manner following chemical separation. The Ni cut was evaporated to dryness, 1222 
attacked with concentrated HNO3 and then treated with 50:50 mix of concentrated HCl 1223 
and concentrated HNO3, which ensures the oxidation of any organic matter that may 1224 
have been introduced from the resin during the chemistry. The Ni cut was then converted 1225 
into nitrate form in preparation for analysis on the MC-ICPMS analysis. 1226 
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3.3.3 Ni isotope measurements by MC-ICPMS 1227 
Ni isotope ratios were measured on a Nu Plasma MC-ICPMS at Victoria University of 1228 
Wellington.  The Faraday collector used to measure 58Ni was equipped with a 1010 Ohm 1229 
resistor that allows more concentrated Ni solutions and larger 61 and 62 ion beams to be 1230 
measured during analysis.  Ni is introduced into the plasma via a DSN-100 desolvating 1231 
nebuliser.  Each measurement comprises 2 x 5 min of baseline and 2 x 10 min of data 1232 
measurement acquired in two blocks.  Samples and standards are measured dissolved in 1233 
2.5% M HNO3 and are typically analysed as 3 ppm Ni solutions.  Each sample analysis is 1234 






















) •1000  ) (mass dependent variations) notation, as the 1237 
difference from the average values of the two bracketing standards.   1238 
Our preferred normalisation scheme uses the 61Ni/58Ni ratio (= 0.0167443) and 1239 

























, although all 1241 
other possible correction schemes (using 60Ni/58Ni and 62Ni/58Ni to normalise) are 1242 
monitored to assess data integrity (62Ni/58Ni  = 0.053388153 and 60Ni/58Ni = 0.8351982) 1243 
and 62Ni/58Ni normalised data are also presented in Table 3-1.  1244 
Uncertainties on single analyses are calculated by quadratically incorporating those on the 1245 
sample run with those from the bracketing standards.  1246 
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2 se = [(sample 2 se
2
+ 0.5 " (stdbefore2 se
2
) + 0.5 " (stdafter2 se
2
))]  1247 
Using this approach, single Ni isotope analyses have uncertainties (2 se) on mass-bias- 1248 
corrected ε60Ni and ε62Ni that are typically ≤ ±0.14 ε and ≤ ±0.27 ε respectively. Multiple 1249 
analyses (n ≥ 10) of samples results in final uncertainties on 61Ni/58Ni mass-bias-corrected 1250 
ε60Ni and ε61Ni that are typically < ±0.05 ε and < ±0.10 ε, respectively, with estimated 1251 
external reproducibilities that are ca. ≤ 2 times larger than the final 2 se for each sample 1252 
(Figure 3-1). Final uncertainties (2 se) on 62Ni/58Ni mass-bias-corrected ε60Ni and ε61Ni are 1253 
also ≤ ±0.05 ε and ≤ ±0.10 ε, respectively. 64Ni was not measured in this study due to a 1254 
small persistent interference from 64Zn. 1255 
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Figure 3-1. External reproducibility of multiple analyses of Fe-Ni metal from iron, stony-iron and chondrite 1257 
meteorites. Light grey fields represent the combined 2 se for all analyses made of each sample (Table 1258 
3-1). Dark grey fields are the 2 sd calculated from the multiple results of each sample. The external 1259 
reproducibility is ca. ≤ 2 times larger than the 2 se. 1260 
3.3.4 Measurement of Fe/Ni ratios by ICP-MS 1261 
56Fe/58Ni ratios of the meteorite metal were determined by solution ICP-MS using an 1262 
Agilent 7500CS ICP-MS operated with hydrogen in a collision cell to reduce polyatomic 1263 
interferences on Fe isotopes. Aliquots of meteorite metal previously digested for the 1264 
chemical separation step were run against a 10:1 gravimetrically prepared mixed Fe/Ni 1265 
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standard, diluted to a ~3 ppb Fe solution. The standard was measured after every fourth 1266 
sample measurement, with each measurement being 180 s long and followed by 120 s of 1267 
washout and 180 s of blank measurement.  1268 
3.3.5 Isotopic analysis of different Ni standards 1269 
In order to test analytical reproducibility and accuracy, a number of Ni standards were 1270 
subjected to MC-ICPMS Ni isotope analysis. Aristar Ni standard was measured against 1271 
the Alfa Aesar standard used by Bizzarro et al. (2007) and also against the NIST SRM 986 1272 
Ni standard. Mass dependent fractionation of isotopes can either occur through 1273 
equilibrium or kinetic processes, which obey distinct fractionation laws (Young et al., 1274 
2002). Kinetic fractionation results from the movement or travel of isotopes and 1275 
molecules, and is a one-way reaction, depending on the effective mass of the species 1276 
involved; whereas equilibrium fractionation is a two-way process that directly depends on 1277 
atomic mass (Young et al., 2002). MC-ICPMS techniques used in this study correct only 1278 
for kinetic processes. To assess the effects of potential equilibrium stable isotopic 1279 
fractionation on the mass biased corrected ε60Ni and ε62Ni, one has to quantify the 1280 
difference between pure equilibrium and kinetic mass fractionation on measured Ni 1281 
isotopic ratios (outlined in Section 3.4.2).  1282 
Column processed Aristar Ni standards from all three different chemistries were 1283 
measured against Aristar Ni standard. These standard tests enable the level of data 1284 
reproducibility to be assessed as well as allowing the identification of any analytical 1285 
artefacts produced during the chemical separation of Ni that might affect the Ni isotopic 1286 
composition.  1287 
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3.3.6 Investigation of potential isobaric interferences on Ni 1288 
isotope measurements 1289 
Element doping tests were conducted to investigate the possible effects of interferences 1290 
on Ni isotopic measurements. In preliminary work it was found that the TEVA column 1291 
chemistry described previously effectively separates Ni from the major components of the 1292 
Fe-Ni metal, but significant amounts of P and Cr remain in the Ni cut (ranging from 1293 
0.03% to 0.58% and 0.01% to 4.19%, respectively), both of which can produce potential 1294 
isobaric intereferences with 62Ni (e.g. 31P2
+ and 50Cr12C). In order to test whether these and 1295 
other possible polyatomic interferences affect Ni isotope measurements, doping 1296 
experiments with eleven elements (Na, Mg, Al, P, Ca, Ti, Cr, Mn, Co, Cd, Sn) were 1297 
investigated. In these experiments, 0.5 mL of 1000 ppm of Aristar Ni standard was dried 1298 
down in cleaned 3 mL screw-top SavillexTM beakers with an appropriate amount of the 1299 
doping element. Elements which were likely to be significant contaminants after 1300 
chemistries were doped at the 5 wt. % level (P, Cr and Co), whereas all other elements 1301 
were doped at the 2 wt. % level on an element/Ni weight basis.  The doped standards 1302 
were then analysed by MC-ICPMS using previously described procedures, but using 1303 
undoped Aristar Ni rather than NIST SRM 986 as the bracketing standard. 1304 
3.4 RESULTS  1305 
3.4.1 Fe/Ni ratios 1306 
The 56Fe/58Ni ratios measured for Fe-Ni metal from the meteorites in this study (Table 1307 
3-1) are in excellent agreement with other studies (Figure 3-2). The IVB, IVA, IIIAB and 1308 
IIAB irons show a high level of agreement between published ratios. The 56Fe/58Ni ratios 1309 
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measured for the two IAB irons show more scatter, possibly due to the variable presence 1310 
of silicate inclusions in this class of iron meteorites. 1311 
3.4.2 Isotopic analysis of Ni standards 1312 
Despite the three Ni standards (NIST SRM 986, Aristar, Alfa Aesar) exhibiting a 1313 
considerable range in δ61Ni values (ca. 0.7 ‰), no small anomalies on ε60Ni and ε62Ni 1314 
(61Ni/58Ni normalised) were observed that would result if the stable isotope fractionations 1315 
were the result of equilibrium processes (Table 3-1).  1316 
To calculate the effects of potential equilibrium stable isotopic fractionation on ε60Ni and 1317 
ε62Ni measurements, a ± 1 ‰ fractionation on 61Ni/58Ni (and therefore a ± 1.33 ‰ 1318 
fractionation on 62Ni/58Ni) was assumed. β values were calculated for either equilibrium 1319 
! 
















)  or kinetic 
! 








(  mass-dependent stable isotopic 1320 
fractionation laws, where m1, m2, m3 represents the masses of the isotopes and M1, M2, M3 1321 
represents the atomic, molecular or reduced mass of the isotopologues in motion (Young 1322 
et al., 2002) (refer to section A1.3). An offset of +0.06 ‰ on ε60Ni measurements and 1323 
+0.08 ‰ on ε62Ni measurements was calculated when 61Ni/58Ni is used to correct for 1324 
instrumental mass bias with the exponential or kinetic mass fractionation law. When 1325 
62Ni/58Ni is used as the normalisation ratios, the offset on ε60Ni measurements is 1326 
approximately doubled (+0.11 ‰).  1327 
All column processed standards, regardless of the type of chemistry they have been 1328 
subjected to, yield light δ61Ni compared to the bracketing unprocessed Aristar Ni standard 1329 
(Table 3-1). The TEVA and Ni resin column processed Ni standards produced the most 1330 
negative values (Table 3-1). 1331 
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Table 3-1. Ni isotopic data for 61Ni/58Ni and 62Ni/58Ni normalisation schemes and the stable isotope 1333 
composition for samples analysed in this study. Ni isotope data from different chemistries are presented 1334 
separately, and an average is reported in dark grey shaded fields (from which anion AG 1x4 values were 1335 
excluded). Light grey fields represent averages of individual digestions (from which anion AG 1x4 values 1336 
were also excluded). Measurements bracketed by NIST SRM 986 Ni standard are shown in plain text, and 1337 
measurements bracketed by Aristar Ni standard are shown in italics. 1338 
 1339 
 1340 
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Figure 3-2. 56Fe/58Ni ratios of meteorites determined by solution ICP-MS.  The 56Fe/58Ni of meteorites in 1342 
this study (black symbols) are compared to recently published 56Fe/58Ni ratios of the same meteorite 1343 
(outlined symbols) or where no direct comparison is available, 56Fe/58Ni ratios from meteorites of the same 1344 
group (grey symbols).  Comparative 56Fe/58Ni data were taken from literature cited in the figure. 1345 
 1346 
 1347 
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3.4.3 Effects of potential isobaric interferences on Ni isotope 1348 
measurements by MC-ICPMS 1349 
The Aristar Ni standard only shows small variations in ε60Ni and ε62Ni (ca. < ± 0.10) as a 1350 
result of the addition of contaminating elements (Figure 3-3, Table 3-2). The average ε60Ni 1351 
measurement was -0.029 ± 0.042 at the 2 wt. % level, with addition of Ti and Co showing 1352 
the largest deviations from the expected value of 0 ε (-0.075 ± 0.036 and -0.073 ± -0.073, 1353 
respectively) (Figure 3-3). The average ε62Ni measurement was +0.054 ± 0.086 at the 2 wt. 1354 
% level. The addition of Na, Co and Sn showed the largest effect on ε62Ni values (-0.031 1355 
± 0.048, -0.101 ± 0.111 and +0.113 ± 0.108, respectively) (Figure 3-3). After chemistry, 1356 
the analysed Fe-Ni metal samples all have much lower levels of contaminating elements 1357 
than in these contamination tests. When elements are doped to the 5 wt. % level, the 1358 
effect on ε60Ni and ε62Ni is increased (Table 3-2). 1359 
 1360 
Figure 3-3. ε60Ni and ε62Ni values (61Ni/58Ni normalised) of Aristar Ni standard doped with 2 wt. % (Na, Mg, 1361 
Al, P, Ca, Ti, Cr, Mn, Co, Cd, Sn) of contaminating elements. The Aristar Ni standard only shows small 1362 
variations in ε60Ni and ε62Ni (< ± 0.10 ε) as a result of addition of contaminating elements. After chemistry 1363 
the analysed Fe-Ni metal samples all have much lower levels of contaminating elements than in these 1364 
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Table 3-2. Ni isotope data (reported in either ε or δ notation) and errors for 61Ni/58Ni, 62Ni/58Ni and 60Ni/58Ni 1369 
normalisation schemes and stable isotope data for element spiked Aristar Ni standards. Elements that 1370 
pose potential isobaric interferences on the Ni mass range were investigated at either the 2 wt. % or 5 wt. 1371 
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3.4.4 Ni isotopic variations in Fe-Ni metal in meteorites 1399 
56Fe/58Ni ratios and Ni isotope data are reported in Table 3-1, in which Ni isotope data 1400 
(reported in either ε or δ notation) and assigned errors for both 61Ni/58Ni and 62Ni/58Ni 1401 
normalised data along with stable isotope data (δ61Ni) are presented for meteorites. Ni 1402 
isotope data from different chemistries are presented separately, and an average is 1403 
reported in shaded fields (from which anion AG 1x4 values were excluded). The Ni 1404 
isotope measurements from the three Ni separation chemistries are within analytical 1405 
uncertainty of each other (Figure 3-4). The anion AG 1x4 results were excluded from 1406 
reported averages because they tend to give values that are slightly discrepant, perhaps 1407 
because this chemistry provides a less clean separation of Ni than the TEVA and Ni spec 1408 
DMG separation chemistries. In Table 3-1, measurements bracketed by NIST SRM 986 1409 
Ni standard are shown in plain text, and measurements bracketed by Aristar Ni standard 1410 
are shown in italics. Ni isotope data from this study is compared against Ni isotope data 1411 
from previous studies in Figure 3-5. 1412 
ε60Ni values (61Ni/58Ni normalised) range from +0.013 to -0.205, with the CB 1413 
carbonaceous chondrite Gujba and IVB iron Chinga having the most negative values.  1414 
The non-magmatic irons (IABs) have ε60Ni values that are within error of the terrestrial 1415 
standard.  Other meteorites have slightly negative ε60Ni values (-0.041 to -0.205). The one 1416 
analysed IIIAB iron has an identical ε60Ni value to those determined on Fe-Ni metal from 1417 
two main group pallasites (Table 3-1). 1418 
The PMG and IIAB, IIIAB, IIICD and IVA irons have ε62Ni values within analytical 1419 
uncertainty of the terrestrial value. The two analysed IAB irons have slightly different 1420 
ε62Ni values, with Canyon Diablo having a value within error of the terrestrial standard 1421 
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and Toluca having a marginally higher ε62Ni value. Toluca (IAB), Chinga (IVB) and Gujba 1422 
(CBa) have distinctly positive ε62Ni values (ε62Ni = +0.138 ± 0.088, ε62Ni = +0.299 ± 1423 
0.075 and ε62Ni = +0.184 ± 0.082, respectively). IIIAB irons and PMGs share a similar 1424 
isotopic signature with ε62Ni = -0.030 ± 0.065 (IIIAB) and -0.050 ± 0.107, -0.052 ± 0.066 1425 
(PMGs). Three separate digestions of metal from the pallasite Esquel, including a Ni cut 1426 
supplied by and reported in Bizzarro et al. (2007), yielded statistically identical results.   1427 
 1428 
Figure 3-4. ε60Ni and ε62Ni values (normalised using 61Ni/58Ni) for meteorites processed through the 1429 
different chemistries (TEVA spec, anion AG 1x4 and Ni-spec DMG chemistry). Error bars (in dark grey) are 1430 
2 se. (PMG – main group pallasites). The mean and mean 2 se are shown for each sample (dotted line 1431 
and shaded box). 1432 
 1433 
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Figure 3-5. Comparison of Ni isotopic compositions of samples analysed in this study and previously 1435 
published Ni data. Error bars are 2 se. (PMG – main group pallasites). (A) ε60Ni values (normalised using 1436 
61Ni/58Ni) for irons and pallasites for Bizzarro et al. (2007), Regelous et al. (2008) and this study. (B) ε62Ni 1437 
values (normalised using 61Ni/58Ni) for irons and pallasites for Bizzarro et al. (2007), Regelous et al. (2008) 1438 
and this study. (C) ε60Ni values (normalised using 62Ni/58Ni) for irons and pallasites for Cook et al. (2006), 1439 
Chen et al. (2009) and this study. Comparative data for this figure was taken from the literature cited in this 1440 
caption. 1441 
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3.5 DISCUSSION  1442 
3.5.1 Analytical artefacts and assessment of data accuracy 1443 
and reproducibility 1444 
External reproducibility (2 sd) calculated from the multiple analyses of Fe-Ni metal from 1445 
iron and chondrite meteorites are ca. ≤ 2 times larger than the final 2 se, which is typically 1446 
<±0.05 ε (ε60Ni) and < ±0.10 ε (ε61Ni) after multiple analysis of samples (Figure 3-1). The 1447 
three Ni separation chemistries provided Ni isotope measurements that were within 1448 
analytical uncertainty of each other for each sample. However some meteorites show 1449 
greater levels of consistency than others (Figure 3-4).  The Eichrom Ni spec DMG 1450 
separation chemistry (being the most rigorous Ni chemical separation method) provides 1451 
the best separation of Ni.  Eichrom TEVA spec separation chemistry provided a better 1452 
separation than the anion Bio-Rad AG 1x4 separation chemistry, which resulted in slightly 1453 
discrepant ε60Ni values for some samples. An explanation for the higher levels of Fe in the 1454 
DMG processed Ni compared to that of the anion AG 1x4 processed Ni could be 1455 
explained by the presence of an Fe blank related to the Ni spec DMG resin or one of the 1456 
chemicals used in the Ni spec DMG chemistry e.g. Na4OH. Typical contaminant levels 1457 
for the three chemistries are given in Table 3-3. 1458 
Meteorites with low Fe/Ni (e.g., the pallasites and Chinga) give the most reproducible 1459 
results, irrespective of the type of chemistry carried out. Meteorites with high Fe/Ni 1460 
meteorites (those with the least amount of Ni and most amount of matrix), such as 1461 
Sikhote Alin and Gujba, do not reproduce quite as well.  Despite the fact that it appears 1462 
difficult to obtain reliable stable Ni isotopic data with sample-standard bracketing 1463 
methods, the meteorites studied here appear to show ≤ ± 1 ‰ (varying up to 0.7 ‰) 1464 
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variation on δ61Ni. The calculations presented in Section 3.4.2 demonstrate that if this 1465 
variation was due to equilibrium rather than kinetic processes this would generate artefacts 1466 
of ±0.06 ‰ on ε60Ni and ±0.08 ‰ on ε62Ni. These potential effects are of broadly the 1467 
same size as the analytical uncertainties obtained in this study, and represent an additional 1468 
source of unconstrained error in all Ni isotopic studies to date. It should be noted that 1469 
even taking into account these artefacts, metal from Gujba, which shows the most 1470 
fractionated stable Ni isotopic composition (δ61Ni = +0.5 to +1 ‰), would still have a 1471 
significant deficit in ε60Ni and an excess in ε62Ni. 1472 
Table 3-3. Typical contaminant levels (in Volts) after the three different Ni separation chemistries for three 1473 
meteorites with variable 56Fe/58Ni ratios (Chinga 7.3, Gujba 19.4 and Sikhote Alin 23.2). 1474 
 1475 
3.5.2 Cosmogenic effects  1476 
 1477 
Cosmogenic burnout may effect the isotopic composition of elements with large neutron 1478 
capture cross-sections in meteorites, e.g. Sm and Gd, (Hidaka et al., 2000), and W, 1479 
(Markowski et al., 2006a) and this could limit the application of isotopic measurements 1480 
such as the present study. This is of particular concern when dealing with iron meteorites, 1481 
which generally have long exposure ages, e.g. Toluca, 600 My (Masarik, 1997). Depending 1482 
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on the element that is studied, chondrites and pallasites, with much younger exposure 1483 
ages, are not expected to show such effects.   1484 
Regelous et al. (2008) attributed the significant differences found between Tlacotepec and 1485 
the other IVB irons studied to cosmogenic effects. In contrast, Quitté et al. (2006) found 1486 
no relationship between exposure age and Ni isotopic composition of iron meteorites, 1487 
concluding that cosmogenic effects were negligible. 1488 
Ni isotopes generally have small neutron capture cross-sections (4.20, 2.54, 1.90 and 14.60 1489 
barns for 58Ni 60Ni 61Ni and 62Ni respectively; Pomerance, 1952) in comparison to other 1490 
isotopic systems analysed in meteorites where cosmogenic effects have been identified 1491 
(e.g. W), and cosmogenic effects have generally been considered to be insignificant for Ni 1492 
isotopes.  60Ni and 61Ni have similar cross-sections but very different abundances 1493 
(26.2231% and 1.1399%, respectively). During neutron capture, 58Ni produces 59Ni, 60Ni is 1494 
converted into 61Ni and, in turn, 61Ni is converted into 62Ni. 62Ni then burns out to 1495 
produce 63Cu. Due to the unequal abundance of 60Ni and 61Ni, even relatively small 1496 
amounts of neutron capture can have severe affects on 61Ni. 1497 
In order to calculate the effect that cosmogenic effects might have on Ni isotopic 1498 
measurements made in this study, neutron capture cross-sections and abundances of Ni 1499 
isotopes were both taken into account to simulate the effect of small amounts of burnout 1500 
(0.001, 0.01, 0.05 and 0.1 ε unit burnout of 58Ni) on the isotopic ratios 60Ni/58Ni, 61Ni/58Ni 1501 
and 62Ni/58Ni (Table 3-4).  These calculations take into account the coupled effect of 1502 
burnout and the choice of isotope ratio for the instrumental mass bias correction i.e. 1503 
61Ni/58Ni or 62Ni/58Ni. 1504 
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Table 3-4. Calculations of theoretical cosmogenic effects on Ni isotope ratios (60Ni/58Ni, 61Ni/58Ni, 62Ni/58Ni) 1505 
for both 61Ni/58Ni and 62Ni/58Ni normalisation schemes, when the effect on the mass bias correction is 1506 
propagated into the final results. Small and realistic levels of cosmogenic burnout on 58Ni were simulated 1507 
(0.001, 0.01, 0.05 and 0.1 ε unit burnout). Burnout here refers to an assumed amount of burnout on 58Ni. 1508 
 1509 
All Ni isotopes experience burnout, but 61Ni and 62Ni are also created by 60Ni and 61Ni 1510 
burnout, respectively. It takes only a very small amount of 58Ni burnout to significantly 1511 
affect 61Ni abundances. This is principally due to the low abundance of 61Ni and the 1512 
similar thermal neutron capture cross-sections of 60Ni and 61Ni. This vulnerability of 61Ni 1513 
to cosmogenic effects is therefore of concern for Ni isotopic measurements normalised 1514 
using the 61Ni/58Ni ratio (e.g. this study, Bizzarro et al. 2007, Dauphas et al. 2008 and 1515 
Regelous et al. 2008). When using 61Ni/58Ni to correct for instrumental mass bias, and 1516 
when cosmogenic effects have affected this ratio, an overcorrection results, producing low 1517 
and inaccurate mass-bias-corrected ε60Ni and ε62Ni. This is because the 61Ni/58Ni ratio 1518 
used to correct for instrumental mass bias is the natural ratio, but the actual 61Ni/58Ni 1519 
ratio in the meteorite after a small amount of burnout is higher.  This overcorrection is 1520 
propagated onto the measurements of 60Ni/58Ni and 62Ni/58Ni, creating artefacts in ε60Ni 1521 
and ε62Ni that are more negative than the real values of the meteorite. 1522 
The ε60Ni (61Ni/58Ni normalised) values are more negative and ε60Ni (62Ni/58Ni 1523 
normalised) values are more positive.  The effect on ε60Ni (62Ni/58Ni normalised) values is 1524 
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not as marked as it is on ε60Ni (61Ni/58Ni normalised) values, highlighting the issues with 1525 
using a 61Ni/58Ni normalising scheme, where a small and realistic amount of neutron 1526 
capture could severely compromise Ni isotopic data integrity. 62Ni/58NiN data, while not as 1527 
affected by burnout, is, however, vulnerable to artefacts produced due to nucleosynthetic 1528 
effects on 62Ni. 1529 
The location of a sample in relation to the pre-atmospheric surface of the original 1530 
meteoroid, as well as the original size of the meteoroid, has been found to affect the 1531 
intensity of neutron capture (Masarik, 1997; Markowski et al., 2006b). Markowski et al. 1532 
(2006b) found that 182W/184W ratios were lower at the pre-atmospheric centre of a 1533 
meteorite than at the pre-atmospheric surface. A depth of maximum cosmogenic effect 1534 
(where peak neutron-capture rates occur) can be identified in bodies (Masarik, 1997). It 1535 
may therefore prove difficult to compare results obtained by different laboratories 1536 
because the depth within the original body from which samples were obtained is 1537 
unknown, and samples could have experienced different levels of neutron capture.  1538 
The first experimental evidence for cosmogenic effects on W isotopes was reported by 1539 
Markowski et al. (2006b) in transects through the two magmatic irons Carbo (IID) and 1540 
Grant (IIIAB). In contrast, the meteorites in this study show no apparent effects of 1541 
burnout on Ni isotopic measurements. This may be because the depth of maximum 1542 
neutron capture for Ni is different than for W, and therefore the cosmogenic effect found 1543 
for W in the same types of meteorites may not be apparent for Ni. An important test for 1544 
this would be to measure the Ni isotopic composition across a transect of a whole iron 1545 
meteorite to ascertain the depth at which Ni neutron capture maximum occurs, and 1546 
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compare this to similar W measurements made by Markowski et al. (2006b) across- 1547 
sections of Carbo (IID) and Grant (IIIAB). 1548 
However, when ε60Ni values calculated by both normalisation to 61Ni/58Ni normalised and 1549 
62Ni/58Ni normalised are plotted against each other (Figure 3-6), the variations observed 1550 
are not consistent with what would be expected if the isotopic variations were governed 1551 
primarily by cosmogenic effects.  1552 
3.5.3 Comparison with previously published Ni isotope 1553 
studies of Fe-Ni metal in meteorites 1554 
Meteoritic samples for this study were chosen to allow comparisons between recently 1555 
published Ni isotope data. Also used were measurements from meteorites that have not 1556 
previously been analysed to high precision, such as the IAB irons. The measurements 1557 
made in this study are plotted in Figure 3-5, along with comparative Ni isotopic data from 1558 
Cook et al. (2006), Bizzarro et al. (2007), Dauphas et al. (2008), Regelous et al. (2008) and 1559 
Chen et al. (2009). 1560 
The resolvable ε60Ni (61Ni/58Ni normalised) deficits that were measured in the iron and 1561 
pallasite meteorites (-0.041 ± 0.029 to -0.191 ± 0.036) with the exception of the IAB 1562 
irons) in this study are within analytical uncertainty of the ε60Ni values measured for iron 1563 
and pallasites in the studies of both Dauphas et al. (2008) and Regelous et al. (2008), 1564 
although the ε60Ni values measured in Dauphas et al. (2008) were closer to the terrestrial 1565 
value, ranging from +0.006 to -0.047. In contrast, Bizzarro et al. (2007) reports a uniform 1566 
deficit of -0.243 ± 0.020 for irons and pallasites. Ni previously separated from Esquel 1567 
(PMG) and Mundrabilla (IIICD) for which Ni isotope data were reported in Bizzarro et 1568 
al. (2007) was also analysed in this study. Our ε60Ni data (Mundrabilla ε60Ni = -0.090 ± 1569 
K. Andrews  2009
                                                   CHAPTER 3. Ni isotope measurements of meteorites  
 
82 
0.041 and Esquel = -0.041 ± 0.029) does not support the large negative ε60Ni anomalies 1570 
(Mundrabilla ε60Ni = -0.279 ± 0.107 and Esquel = -0.276 ± 0.128) reported by Bizzarro et 1571 
al. (2007). 1572 
 1573 
Figure 3-6. A plot of ε60Ni (normalised using 61Ni/58Ni) versus ε60Ni (normalised using 62Ni/58Ni) for irons, 1574 
pallasites and chondrites analysed in this study. A cosmogenic trend based on calculations made in Table 1575 
2-4 is plotted (black line). If samples experienced a cosmogenic effect they would be predicted to lie on 1576 
this trend. However, it is apparent that the meteorites of this study produce a positive trend independent 1577 
of the predicted cosmogenic trend. 1578 
The terrestrial ε62Ni values (61Ni/58Ni normalised) found for the irons and pallasites 1579 
analysed in this study (+0.064 ± 0.073 to -0.052 ± 0.066 with the exception of Toluca 1580 
(IAB) and Chinga (IVB)), are again in agreement, within analytical uncertainty, with ε62Ni 1581 
values measured for irons and pallasites by both Dauphas et al. (2008) and Regelous et al. 1582 
(2008). However, in contrast to the ε60Ni data, our ε62Ni values (ε62Ni = +0.299 to -0.052) 1583 
show less agreement with Regelous et al. (2008) (ε62Ni = +0.126 to -0.005). When 1584 
compared to the ε62Ni values measured in Bizzarro et al. (2007) (Mundrabilla ε60Ni = - 1585 
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0.614 ± 0.270 and Esquel = -0.693 ± 0.193) the ε62Ni values measured in this study (e.g. 1586 
Mundrabilla ε60Ni = +0.006 ± 0.117 and Esquel = -0.052 ± 0.066) are again not in 1587 
agreement.  1588 
The discrepancies between published data of Bizzarro et al. (2007) and other recently 1589 
published Ni data (including this study) could possibly be explained by interferences on 1590 
61Ni (Regelous et al., 2008). The 62Ni anomalies reported in Bizzarro et al. (2007) are twice 1591 
as large as the 60Ni anomalies, which is indicative of such an interference (Dauphas et al. 1592 
2008), and this study provides further evidence that this dataset is compromised by 1593 
analytical artefacts.  1594 
When using the 62Ni/58Ni normalisation scheme, ε60Ni values measured in this study are 1595 
consistent, within analytical uncertainty, with ε60Ni values measured by both Cook et al. 1596 
(2006) (with the exception of IVB irons which range from -0.130 to -0.210) and Chen et 1597 
al. (2009) (with the exception of the IIIAB iron which =  -0.160). 1598 
3.5.4 Nucleosynthetic anomalies  1599 
All Ni isotopes are produced through the e-process (nuclear statistical equilibrium) 1600 
(Hainebach et al., 1974; Meyer, 1994). The heavier neutron-rich stable isotopes of Ni are 1601 
also produced through other nucleosynthetic processes. 61Ni is principally produced 1602 
through the s-process, and 62Ni and 64Ni are predominantly produced through the neutron 1603 
rich r- and e-processes.  1604 
The majority of meteorites analysed in this study show no resolvable ε62Ni anomalies, with 1605 
values that are within analytical uncertainty of the terrestrial Ni standard. However, Gujba 1606 
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(CB), Toluca (IAB) and Chinga (IVB) show significant and resolvable positive ε62Ni 1607 
anomalies.  1608 
(1) The ε62Ni anomaly measured for Gujba (CBa) was +0.184 ± 0.082. This large 1609 
positive ε62Ni value is in agreement with carbonaceous chondrite measurements of 1610 
Regelous et al. (2008) who analysed carbonaceous chondrites and found positive 1611 
ε62Ni values which correlated positively with ε60Ni values. Such correlated ε62Ni and 1612 
ε60Ni are not expected as they are not co-produced during nucleosynthesis (Quitte et 1613 
al., 2007a). This correlation could, however, be explained if 60Fe is also synthesised 1614 
during the nucleosynthetic process that produced 62Ni, resulting in 60Ni excesses 1615 
created through decay of 60Fe, a theory supported by Quitté et al., (2007a), who 1616 
found a correlation between ε62Ni and ε60Ni in CAIs.  1617 
(2) A large positive ε62Ni anomaly of +0.299 ± 0.075 was measured for Chinga (IVB). 1618 
Significant and resolvable anomalies have been found for other isotopic systems 1619 
when studying IVB irons. For example, Qin et al. (2008) found ε184W deficits in IVB 1620 
irons, which they explained through heterogeneous distribution of nucleosynthetic 1621 
products. Anomalies of Mo (Yin et al., 2002) measured in IVB irons are consistent 1622 
with an excess of r-process over s-process isotopes. However, such a nucleosynthetic 1623 
effect was not found by Huang and Humayun (2008), who measured Os isotope 1624 
anomalies in IVB irons and found ε190Os excesses and ε189Os deficits, the opposite of  1625 
that which would be expected with excess r-process over s-process isotopes. These 1626 
results were interpreted to suggest that there are no nucleosynthetic effects in Os and 1627 
that cosmogenic effects account for the ε190Os excesses and ε189Os deficits. 1628 
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(3) A significantly positive ε62Ni anomaly of +0.138 ± 0.088 was measured for Toluca 1629 
(IAB). Under a new IAB classification scheme (Wasson and Kallemeyn, 2002), the 1630 
IAB irons have been divided into separate subgroups within a IAB complex. This 1631 
may account for the discrepancies in Ni isotopic measurements observed between 1632 
these two samples: Canyon Diablo has terrestrial ε60Ni (+0.013 ± 0.036) and ε62Ni 1633 
(+0.064 ± 0.073) values compared to Toluca, which has terrestrial ε60Ni (+0.001 ± 1634 
0.034) and slightly elevated ε62Ni (+0.138 ± 0.088) values.  1635 
3.5.5 Genetic links between meteorites 1636 
Mass independent oxygen isotopes variations are used to fingerprint the genetic 1637 
associations between different groups of meteorites (e.g. Clayton, 1993).  However, iron 1638 
meteorites contain little oxygen content and therefore other elements must be used to 1639 
classify such meteorites. Variations in ε62Ni can provide information on the origin and 1640 
possible genetic links between meteorite groups, including irons, as ε62Ni variations are 1641 
due to incomplete mixing of nucleosynthetic components (Regelous et al., 2008).  1642 
Wasson and Kallemeyn (2002) have re-evaluated the classification of IAB meteorites, 1643 
separating the complex into 6 separate groups – an IAB main group and 5 subgroups, on 1644 
the basis of element-Au diagrams (compared to the more traditional element-Ni 1645 
diagrams). Although the ε62Ni values measured for two IAB irons analysed in this study 1646 
are almost within error of each other, Toluca appears to have a more positive ε62Ni 1647 
compared to Canyon Diablo. This data could support the suggestion of Wasson and 1648 
Kallemeyn (2002), that Canyon Diablo should be classified as ‘main group’ and Toluca as 1649 
a sub-group of the IAB complex. 1650 
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Choi et al. (1995) analysed both IABs and IIICDs and concluded that the two groups  are 1651 
indistinguishable and should be treated as a single group. The predicted model of the 1652 
origin of the IAB-IIICD meteorites is an impact-melt model, where individual IABs 1653 
represent a melt pool of a chondritic megaregolith (Choi et al., 1995). This is consistent 1654 
with the data of this study: Canyon Diablo (main group IAB) and Mundrabilla (IIICD) 1655 
share a common Ni isotopic signature within analytical uncertainty (ε60Ni = +0.013 ± 1656 
0.036 and -0.04 ± 0.052 (weighted average of Mundrabilla versus Aristar and NIST SRM 1657 
986), respectively, and ε62Ni = +0.064 ± 0.073 and +0.001 ± 0.069 (weighted average of 1658 
Mundrabilla versus Aristar and NIST SRM 986), respectively).  1659 
Henbury (IIIAB) has a common ε60Ni and ε62Ni isotopic signature with the main group 1660 
pallasites (PMG). Pallasites originate through the mixing of metal melt and olivine, 1661 
thought to represent the core-mantle interface of planetary bodies (Scott and Wasson, 1662 
1976). The possibility of an iron meteorite originating from unmixed metal of the same 1663 
parent body as a pallasite is very likely, and a genetic link between PMGs and IIIABs has 1664 
previously been proposed (Scott and Wasson, 1976).  After analysing PMGs and IIIABs 1665 
meteorites, Wasson and Choi (2003) theorised that the PMG formed in highly energetic 1666 
events, where mantle olivine was crushed and subsequently mixed with an evolved IIIAB 1667 
residual melt from the core. This theory is supported by the common ε62Ni isotopic 1668 
compositions of IIIAB irons and PMGs measured in this study (-0.030 ± 0.065 (IIIAB) 1669 
and -0.050 ± 0.107, -0.52 ± 0.066  (PMGs)). 1670 
The chondrite Gujba analysed in this study shows a common Ni isotopic signature with 1671 
the IVB iron Chinga, (Figure 3-5). Similar results have been found in previous Ni isotopic 1672 
studies (e.g. Regelous et al. 2008), suggesting a common precursor material.  1673 
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3.5.6 Live 60Fe in the Solar System? 1674 
Given 60Fe is only produced in cc-SN or AGB stars, the initial abundance of this nuclide 1675 
directly yields information on the stellar source (e.g. Wasserburg et al. 2006). An exact 1676 
estimate of the initial abundance of 60Fe from the analyses of chondrules and sulfide 1677 
phases of chondrites is difficult, as the age of formation of these studied phases is not 1678 
accurately known. For example, the formation of the sulfide phase of the Semarkona 1679 
chondrite is assumed to have occurred 1-2 My after CAI formation (Tachibana et al., 1680 
2006). By comparing the measured 60Fe/56Fe ratio with the model-predicted 60Fe/56Fe 1681 
ratio, some constraints can be placed on the most appropriate stellar source for 60Fe. 1682 
Table 3-5 provides a comparison of recently published initial 60Fe/56Fe0 ratios calculated 1683 
from various phases of meteorites. The most likely stellar source can be assigned by 1684 
comparing the model-predicted 60Fe/56Fe0 ratios with the calculated 
60Fe/56Fe0 ratios. The 1685 
model-predicted 60Fe/56Fe Solar System initial ratio may not be a true representative of the 1686 
actual 60Fe/56Fe Solar System initial ratio, as this ratio depends on the level of dilution of 1687 
60Fe with 56Fe, the distance that the 60Fe has to travel from the SN or AGB star to the 1688 
Solar System and also the time that has passed between the SN or AGB star injection and 1689 
the formation of the Solar System. 1690 
 1691 
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Table 3-5. Comparison of recently published 60Fe/56Fe0 ratios calculated from various phases of 1692 
meteorites. The most likely stellar source can be assigned by comparing the model-predicted 60Fe/56Fe0 1693 
ratios with the calculated 60Fe/56Fe0 ratios. Comparative data is taken from the literature cited in the table. 1694 
 1695 
The data for magmatic irons and pallasites from this study is consistent with a maximum 1696 
initial 60Fe/56Fe0 of 4 x 10
-7 (Figure 3-7), similar to that of Tachibana et al. (2006) and 1697 
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Dauphas et al. (2008). This ratio can only be considered an estimate because the irons 1698 
were formed sometime after the formation of the Solar System, and because the measured 1699 
Fe/Ni ratio in the irons and pallasites does not reflect that of the first metal to segregate 1700 
from planetesimals.  1701 
 1702 
Figure 3-7. 56Fe/58Ni - ε60Ni diagram for magmatic irons and pallasites from this study showing a 1703 
regression through the chondritic composition and meteoritic samples (excluding Brenham) which is 1704 
consistent with a minimum estimate of 60Fe/56Fe0 = 4 x 10
-7. Error bars are 2 se. 1705 
Scott (1972) outline three stages which account for the establishment of Fe/Ni ratios in 1706 
iron meteorites: (i) initially elements can be fractionated during accretion and 1707 
condensation in the solar nebula (depending on the volatility of the element). (ii) Then 1708 
during differentiation and segregation of planetary bodies, elements are selectively 1709 
enriched in the core, mantle or crust dependent on their properties. During the formation 1710 
of the core, Ni is selectively enriched in metal phases, whereas Fe is concentrated in 1711 
silicate and sulfide phases producing sub-chondritic Fe/Ni ratios in iron meteorites (Scott, 1712 
1972). (iii) As temperatures in the liquid Fe core decrease, fractional crystallisation of this 1713 
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metal core occurs. Again elements are selectively concentrated in solid or liquid - the solid 1714 
crystallised material has a higher Fe/Ni ratio than the residual melt.  1715 
The Fe/Ni ratio that the meteorites exhibit today may have evolved from a distinct initial 1716 
ratio. At the time of formation of the Fe/Ni ratio may have been closer to or further from 1717 
the chondritic value of 24.4 (Anders and Grevesse, 1989) depending on the fractional 1718 
crystallisation endured. As illustrated in Figure 3-8, this possible evolution of Fe/Ni ratio 1719 
has implications for the calculated 60Fe/56Fe0: it either represents a minimum or maximum 1720 
estimate. 1721 
 1722 
Figure 3-8. A 56Fe/58Ni - ε60Ni diagram illustrating the effect of different initial 56Fe/58Ni compositions. As 1723 
shown in the graph, if the initial 56Fe/58Ni was higher than the observed value, then the calculated 1724 
60Fe/56Fe
0
 represents a minimum. However, if the 56Fe/58Ni was lower than the observed value, then the 1725 
calculated 60Fe/56Fe0 represents a maximum. 1726 
There is limited variation in ε62Ni values in this study (with exception of the three 1727 
meteorites already mentioned), with most meteorites exhibiting terrestrial values, allowing 1728 
the conclusion that at the time of their parent body formation, the composition of Ni 1729 
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isotopes was relatively homogeneous (Figure 3-5). Therefore the observed variations in 1730 
ε60Ni can be more confidently attributed to the decay of 60Fe, rather than the preservation 1731 
of presolar nucleosynthetic heterogeneities.  1732 
The ε60Ni values (61Ni/58Ni normalised) measured in this study are consistent with 1733 
Dauphas et al. (2008) and Regelous et al. (2008), and inconsistent with Bizzarro et al. 1734 
(2007). The ε60Ni deficit is negatively correlated with the 56Fe/58Ni ratio (Figure 3-7). 1735 
However, Sikhote Alin was found to have a significant negative ε60Ni (-0.072 ± 0.024), 1736 
which was not predicted since it has 56Fe/58Ni ratios close to chondritic (however this 1737 
56Fe/58Ni ratio could have changed from an initial, which could explain the ε60Ni, as 1738 
described above).  1739 
60FE AS A POSSIBLE HEATING MECHANISM? 1740 
The short half life, significant initial abundance and high energy output from decay of 26Al, 1741 
led Urey (1955) to suggest it was the most likely candidate to provide the heat source 1742 
required for early planetesimal heating. The potential for 60Fe to assume a similar role as 1743 
26Al has remained unconfirmed, since no definite estimate of the initial production ratio of 1744 
60Fe/56Fe has been agreed upon (Shukolyukov and Lugmair, 1993a). Using initial 60Fe/56Fe 1745 
values from CAIs (1 x 10-6 and 2 x 10-6) to approximate the initial production ratio, 1746 
Shukylokov & Lugmair (1993a) calculated heat production in a small planetesimal which 1747 
had a starting temperature of 0°C and experienced no heat loss. It was found that the heat 1748 
gained from 60Fe decay over a few million years after accretion would be sufficient to 1749 
cause melting (Shukolyukov and Lugmair, 1993a). In this scenario (along with the decay 1750 
of 26Al), melting of bodies during the first few million years would have been unavoidable 1751 
(Shukolyukov and Lugmair, 1993a). The intial abundance for 60Fe/56Fe0 of 3.9 x 10
-9 1752 
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calculated from samples in this Shukolyukov and Lugmair (1993a) is too small to provide 1753 
an adequate heating mechanism for early planetesimal differentiation. 1754 
3.6 CONCLUSIONS 1755 
A high precision study of Fe-Ni metal with subchondritic Fe/Ni ratios in meteorites has 1756 
shown that: 1757 
(1) Small but resolvable ε60Ni deficits characterise metal from the irons, pallasites and 1758 
chondrites analysed in this study (ε60Ni excluding non magmatic IAB irons = -0.041 1759 
to -0.205). The ε60Ni deficits correlate with the measured 56Fe/58Ni ratios and are 1760 
therefore considered to be the result of live 60Fe decay. ε62Ni values for samples with 1761 
significantly different ε60Ni values are similar, leading to the conclusion that the ε60Ni 1762 
deficits are most likely the result of live 60Fe decay rather than nucleosynthetic 1763 
anomalies.  1764 
(2) ε62Ni values show limited variation for the majority of meteorites (ε62Ni = 0.299 to    1765 
-0.052). The Ni isotope variations measured in this study confirm data measured by, 1766 
Dauphas et al. (2008), Regelous et al. (2008) and Chen et al. (2009), and are 1767 
inconsistent with Bizzarro et al. (2007). With the exception of three meteorites, the 1768 
ε62Ni values are within analytical uncertainty of the terrestrial value. 1769 
(3) A maximum estimate of initial 60Fe/56Fe0 at the time of Fe-Ni metal formation of 1770 
magmatic irons and pallasites from this study is 4 x 10-7, and in agreement with the 1771 
estimate of 5-10 x 10-7 reported in Tachibana et al. (2006) and the estimate of 6 x10-7 1772 
reported in Dauphas et al. (2008). This evidence for live 60Fe in the early Solar System 1773 
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suggests that a SN occurred just prior to the formation of the proto-planetary disk, 1774 
lending support to the theory that a SN shock wave was the trigger of the collapse of 1775 
the molecular cloud. 1776 
(4) Some meteorites have ε62Ni values that are significantly higher than the terrestrial 1777 
standard, including Toluca (IAB), Chinga (IVB) and Gujba (CBa). The 1778 
nucleosynthetic anomalies of Toluca can possibly be explained by the re-classification 1779 
of Toluca into a subgroup of the IAB complex, chemically distinct from the main 1780 
group (which includes Canyon Diablo) (Wasson and Kallemeyn, 2002). The large 1781 
positive ε62Ni values found for Gujba are in agreement with other measurements of 1782 
carbonaceous chondrites (Quitte et al., 2007a; Regelous et al., 2008). The anomalies 1783 
of isotopes of other elements in Chinga have also been explained through 1784 
heterogeneous distribution of nucleosynthetic components (Qin et al., 2008).  1785 
(5) The Ni isotopic signatures found for the meteorites in this study are consistent with 1786 
some proposed genetic links between meteoritic groups: (i) the separation of the IAB 1787 
group into a complex, in which Toluca and Canyon Diablo fall into different 1788 
subgroups (Wasson and Kallemeyn, 2002), (ii) the similarity between groups IAB and 1789 
IIICD (Choi et al., 1995), (iii) the possible shared origin between IIIAB irons and 1790 
PMGs (Scott and Wasson, 1976; Wasson and Choi, 2003) and (iv) the possible 1791 
common origin of IVB irons and carbonaceous chondrites (Regelous et al., 2008). 1792 
 1793 
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Chapter Four  1794 
4 Synthesis & suggestions for 1795 
future work 1796 
4.1 SYNTHESIS 1797 
This thesis has presented high precision Ni isotope measurements of 10 meteorites (one 1798 
chondrite, two main group pallasites, five magmatic irons and two non-magmatic irons). 1799 
Variations in the isotopic abundance of Ni in these meteorites allow the identification of 1800 
different stellar contributions to the Solar System. One isotope of Ni (60Ni) is the stable 1801 
daughter product of a short-lived radioisotope 60Fe, which, according to model 1802 
predictions, is most likely seeded into the proto-Solar System in the observed abundances 1803 
by a SN.  1804 
The astrophysical process that drove the collapse of the molecular cloud to form the Solar 1805 
System is unknown. Possible theories include stellar winds from a nearby star or shock 1806 
waves from a Type II SN. The Ni isotopic system provides a tool to study the formation 1807 
of the Solar System: it is both a potentially powerful early Solar System chronometer and a 1808 
tracer of nucleosynthetic processes. Iron-peak elements such as Ni are relatively 1809 
unstudied, although recent developments in mass spectrometric techniques have resulted 1810 
in considerable improvements in the measurement of isotopic ratios of these elements.  1811 
 1812 
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This thesis therefore had three main research objectives:  1813 
(1) To develop chemical methods for the separation of Ni from Fe-Ni metal, 1814 
as well as improved MC-ICPMS techniques for precise and accurate Ni 1815 
isotopic analysis. 1816 
(2) To search for variations in 60Ni which may provide evidence for the 1817 
former presence of live 60Fe, and therefore the presence and timing of a 1818 
SN input into the early Solar System. 1819 
(3)  To search for variations in the abundance of the neutron-rich isotope 1820 
62Ni which may represent the addition of a heterogeneous SN remnant.  1821 
Some of the major results and conclusions that have arisen from this research are 1822 
summarised below. 1823 
1 The three chemical separation techniques for Ni produce ε60Ni and ε62Ni 1824 
values that are within analytical uncertainty of each other for each meteorite. 1825 
However, it appears that the meteorites with the lowest Fe/Ni ratio give the best 1826 
reproducibility between the three different chemistries. The Ni spec (DMG) 1827 
chemistry is the most rigorous chemical method and appears to provide the 1828 
cleanest separation of Ni. 1829 
2 Small but significant ε60Ni deficits and relatively homogeneous ε62Ni were 1830 
found for the majority of the meteorites. The Ni isotope measurements of 1831 
this study are in agreement with Dauphas et al. (2008), Regelous et al. (2008) 1832 
and Chen et al. (2009), and inconsistent with Bizzarro et al. (2007), and the 1833 
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Solar System initial 60Fe/56Fe (4 x 10-7) calculated is consistent with a SN 1834 
trigger for Solar System formation. The relatively homogeneous ε62Ni values of 1835 
the meteorites studied in this thesis (with the exception of Chinga, Gujba and 1836 
possibly Toluca) suggest that Ni isotopes were efficiently mixed by the time of 1837 
parent body formation in the part of the proto-planetary disk, where these bodies 1838 
accreted. Small ε60Ni deficits in magmatic irons and pallasites appear to be 1839 
consistent with a maximum 60Fe/56Fe = 4 x 10-7 at the time of their formation and 1840 
consistent with the former presence of live SN-derived 60Fe in the parent bodies of 1841 
the Solar System’s oldest dated planetesimals. This estimate is consistent with 1842 
60Fe/56Feo estimate (5-10 x 10
-7) reported in Tachibana et al. (2006) (Figure 4-1) and 1843 
consistent with a SN causing the collapse of the cloud of gas and dust that 1844 
triggered the formation of the Solar System.  1845 
3 Non-magmatic iron meteorites (IAB) have ε60Ni values that are within 1846 
analytical uncertainty of the terrestrial value. This is consistent with their young 1847 
Hf-W ages (Toluca = 4562.1 and Canyon Diablo = 4562.6 Myr, Amelin et al. 1848 
2002). 1849 
4 ε62Ni values for the IAB iron meteorites differ slightly with those from 1850 
Toluca, having a more positive ε62Ni value than Canyon Diablo. This 1851 
discrepancy could support the re-classification of the IAB meteorite group by 1852 
Wasson & Kallemeyn (2002) into a IAB complex,  with a main group (under which 1853 
Canyon Diablo falls) and 5 sub groups (one of which includes Toluca). 1854 
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5 IIIAB irons and main group pallasites share the same Ni isotopic 1855 
composition within analytical uncertainties, supporting the theory that main 1856 
group pallasites represent an evolved IIIAB melt. 1857 
 1858 
Figure 4-1. Comparison of published Solar System initial 60Fe/56Fe ratios calculated from Ni isotopic 1859 
composition and Fe-Ni ratios of sulfides in chondrules, bulk eucrites and metal phases in chondrules, iron 1860 
meteorites and pallasite meteorites. The 60Fe/56Fe initial ratios calculated from the eucrites are smaller than 1861 
the ratios calculated in both the sulfides from chondrules and metal phases. 1862 
6 ε62Ni values for the studied meteorites show a terrestrial signature except for 1863 
those from Toluca, Chinga and Gujba, which have distinctly positive ε62Ni 1864 
values.  These large positive ε62Ni values for Gujba have also been found by 1865 
Regelous et al. (2008) and Quitté et al. (2007b). It has been shown that ε62Ni values 1866 
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of the IVB irons (Chinga) could be complicated by cosmogenic effects (Leya et al., 1867 
2003a; Huang and Humayun, 2008). As discussed in point 3, it has been proposed 1868 
that Toluca and Canyon Diablo fall into separate sub-groups within an IAB 1869 
complex. This might explain the variation between the ε62Ni values of the two IAB 1870 
meteorites. 1871 
7 IAB (Canyon Diablo) and IIIICD (Mundrabilla) meteorites have common 1872 
Ni isotope compositions, supporting theories that these two groups should 1873 
be treated as a single group. Choi et al. (1995) concluded the two groups should 1874 
be treated as one after analysis of 125 IAB and IIICD iron meteorites by duplicate 1875 
neutron-activation analysis. 1876 
8 Gujba and Chinga share a common Ni isotope signature suggesting a 1877 
common pre-cursor material for carbonaceous chondrites and IVB irons.  1878 
9 Cosmogenic effects on Ni isotope measurements have been overlooked, as 1879 
Ni isotopes have relatively small neutron capture cross-sections. However, 1880 
as shown in calculations made in this study, these effects could be 1881 
significant, especially when normalising Ni isotope data with 61Ni/58Ni. 1882 
However, the predicted cosmogenic effects were not observed in the Ni isotope 1883 
data measured for this thesis, allowing the conclusion that cosmogenic effects are 1884 
not an issue for this suite of meteorites. It has been shown that neutron capture 1885 
levels for W isotopes vary with depth from the original surface of the asteroid 1886 
(Markowski et al., 2006b). If this is also true for Ni isotopes, it may prove difficult 1887 
to compare Ni isotope measurements between published Ni studies unless a 1888 
sample from the same depth within the same meteorite is measured and compared.  1889 
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4.2 SUGGESTIONS FOR FURTHER STUDY 1890 
1. Conduct a Ni isotopic transect of an iron meteorite.  1891 
As discussed in Sections 2.2.4 and 3.5.1, cosmogenic burnout and production of W 1892 
isotopes can effect the isotopic compositions of iron meteorites with long cosmic ray 1893 
exposure ages. Markowski et al. (2006b) found that the 182W/184W signature is lower near 1894 
the centre of the iron meteorites Carbo (IID) and Grant (IIIAB). 3He is produced through 1895 
cosmic ray interactions in meteorites and is therefore a proxy for cosmogenic effect, and it 1896 
was found that concentrations of 3He were correlated with 182W/184W ratio. It would 1897 
therefore be useful to acquire the samples of Carbo (IID) and Grant (IIIAB) that were 1898 
analysed in Markowski et al. (2006b) and perform a Ni isotope transect along the same 1899 
studied areas, to ascertain whether Ni isotopes also vary with depth, and whether they 1900 
correlate with the 3He concentrations of these transects. If Ni isotopes are found to vary 1901 
with the level of burnout experienced, then comparisons between laboratories must be 1902 
made with samples from the same depth within the original body, or corrections must be 1903 
made for such variations. 1904 
2. Ni isotopic measurements of silicate from chondrules in meteorites.  1905 
This thesis has focussed on obtaining Ni isotope measurements from Fe-Ni metal of iron, 1906 
pallasite and chondrite meteorites. It would also be useful to measure Ni from silicate 1907 
phases of meteorites, which would allow the estimated initial 60Fe/56Feo of chondrules to 1908 
be determined and compared with SIMS measurements. The Ni isotopes of silicates from 1909 
samples already measured for the metal phase (e.g. Gujba) could be analysed to construct 1910 
an isochron for CB chondrites. An internal isochron could be constructed from Ni 1911 
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isotope measurements of the different phases of a silicate-differentiated meteorite. Such 1912 
an isochron could be constructed for angrites, a group of differentiated meteorites which 1913 
contain feldspars, olivine, pyroxene, chromite and very rare metal phases (Rubin, 1997). 1914 
Obtaining Ni isotopic data from olivine in pallasites is challenging since they contain very 1915 
little Ni. 1916 
Quitté & Oberli (2006) developed a method, based on that outlined in Morand & Allegre 1917 
(1983), for the extraction of Ni from silicate samples of meteorites. This could be 1918 
followed to separate Ni from silicate phases and is outlined below. The chemistry involves 1919 
three steps: 1920 
(1) The first step has already been outlined in Section 3.3.2 and Appendix 1, which 1921 
involves passing the sample through AG 1x4 resin with 6 M HCl.  1922 
(2) The dried Ni from this step is then brought into solution with 2 mL of 0.5 M HCl 1923 
and 1 mL of citric acid. Citric acid ensures that all major cations remain in 1924 
solution. This is then heated for >1.5 hr, and neutralised through the addition of 1925 
NH4OH (ammonium hydroxide) to achieve a pH of ~8. One mL of DMG (1% 1926 
solution) is then added to the neutral solution causing Ni to chelate, forming a 1927 
covalently bonded complex of Ni and DMG. Adding chloroform a few minutes 1928 
after the addition of DMG allows the extraction of the Ni-DMG complex. This 1929 
Ni-complex is washed with 3 mL of 0.4 M NH4OH to remove any Co or Cu. Ni 1930 
is then back-extracted by placing it in 2 mL 0.5 M HCl. In order to separate Ni 1931 
from the DGM complex, a drop of HClO4 is added and the resulting Ni solution 1932 
is evaporated. The Ni is then brought into solution in 0.2 mL of >18 MΩ grade 1933 
water.  1934 
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(3) Lastly, the solution is then loaded onto a cation column packed with 50 µL of AG 1935 
50W-x8 resin. 2.5 mL of 0.2 M HCl is eluted and the Ni is collected in 0.5 mL of 1936 
3 M HCl. A drop of concentrated HNO3 is added to the solution before it is 1937 
evaporated to dryness.  1938 
In this thesis, the high precision measurement of Ni isotopes on the MC-ICPMS using 1939 
solutions of ~ 3 ppm Ni required 50-100 µg of Fe-Ni metal. This becomes an issue when 1940 
measuring meteoritic material with lower concentrations of Ni, or individual phases that 1941 
are too small to provide sufficient Ni for analysis e.g. individual chondrules, which 1942 
typically weigh < 10 mg. MC-PTIMS techniques provide a solution to this problem; 1943 
allowing a sufficiently long and stable Ni signal through thermal ionization of samples 1944 
~1000 times smaller (< 1 µg) than that required by MC-ICPMS (~50 – 100 µg).  Using a 1945 
MC-PTIMS would therefore allow the measurement of Ni isotopes to a high precision in 1946 
individual chondrules and other meteoritic samples with low Ni abundance. 1947 
3. Ni isotopic measurements of distinct phases in Fe-Ni metal.  1948 
Fe-Ni metal in meteorites develops into distinct structural phases (e.g. kamacite and 1949 
taenite). It has been found that these phases differ in their isotopic composition. For 1950 
example, Reuter et al. (1988) examined the Ni content of taenite and kamacite phases in 1951 
iron meteorites and in a mesosiderite using electron microscopy techniques and found the 1952 
Ni content varies both within and between phases. In this thesis, as outlined in Section 1953 
3.3, samples of Fe-Ni metal were physically separated and digested as whole metal. The 1954 
different metal phases were not separated and individually digested and analysed. It would 1955 
be useful to measure the Ni isotope measurements in taenite and kamacite and determine 1956 
if they provide different results from the bulk metal analyses reported. Kong et al. (1995) 1957 
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selectively dissolved kamacite and taenite from bulk metal in the Richardton chondrite by 1958 
leaching the metal with HF acid for different periods depending on the phase to be 1959 
removed. These separate metal phases were analysed using Mossbauer spectroscopy and 1960 
instrumental neutron activation analysis (INAA). Such a methodology could be adapted 1961 
for the meteorites of this study, allowing separate metal phases to be measured on the 1962 
MC-ICPMS and compared to bulk metal Ni isotope measurements made in this thesis. 1963 
Given the widely discrepant results that have been reported for sulfides in iron meteorites 1964 
(e.g. Tachibana et al. 2006, Guan et al. 2007 and Chen et al. 2009), this is also another 1965 
important area of research.  1966 
4. Further investigation of stable isotopes of Ni in meteorites. 1967 
Mass dependent fractionation of isotopes can either occur through equilibrium or kinetic 1968 
processes, which obey distinct fractionation laws (Young et al., 2002). Ni isotopic studies 1969 
have largely focussed on mass-independent effects related to the 60Fe-60Ni system. 1970 
However, important knowledge about the physical processes occurring during the early 1971 
stages of Solar System evolution can be gained from analysing the stable mass-dependent 1972 
fractionation of heavier mass isotope systems such as Ni. Moynier et al. (2007) found that 1973 
62Ni/58Ni, 61Ni/58Ni and 60Ni/58Ni from a suite of meteorites, including carbonaceous and 1974 
ordinary chondrites, iron, mesosiderite and pallasite meteorites, plot along the same mass 1975 
fractionation line as terrestrial samples. They found a 0.45 ‰ isotopic fractionation 1976 
indicating fractionation from a single reservoir which homogenised before the formation 1977 
of the parent bodies and planetary accretion (Moynier et al., 2007). Similar results from 1978 
the studies of Fe, Mg, Cu and Zn indicate that transition metals of Fe-peak elements 1979 
appear to originate from a homogeneous reservoir (Moynier et al., 2007). This could be 1980 
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the reason that clear Ni anomalies have not yet been found – the reservoirs were 1981 
homogenised during the lifetime of 60Fe, preventing anomalies being recorded by the 1982 
parent bodies (Moynier et al., 2007). 1983 
As mentioned in Chapter 1, stable isotope data for Ni has not been reported in some 1984 
previously published work (e.g. Quitté et al., 2006; Quitté & Oberli 2006; Cook et al., 1985 
2006; Dauphas et al., 2008; Regelous et al., 2008). Stable Ni isotopes were investigated in 1986 
this thesis, and yielded strange results. No evidence of equilibrium isotopic fractionation 1987 
was found. All column-processed standards, regardless of chemistry, produce variably 1988 
light δ61Ni compared to the bracketing Aristar Ni standard, which reflects an unknown 1989 
analytical artefact. A potential method to resolve this issue would be to employ double- 1990 
spike techniques, which would allow the correction of any unknown fractionation or 1991 
matrix effects on Ni isotopes that might be occurring during the chemical separation of 1992 
Ni.  1993 
K. Andrews  2009




Albarède F. (2003) Geochemistry: An introduction. Cambridge University Press, 248 pp. 1996 
Alexander C. M. O. D., Boss A. P., and Carlson R. W. (2001) The early evolution of the 1997 
inner Solar System: A meteoritic perspective. Science 293, 64-68. 1998 
Amari S., Lewis R. S., and Anders E. (1995) Interstellar grains in meteorites: III. Graphite 1999 
and its noble gases. Geochim. Cosmochim. Acta. 59, 1411-1426. 2000 
Amelin Y., Krot A. N., Hutcheon I. D., and Ulyanov A. A. (2002) Lead isotopic ages of 2001 
chondrules and calcium-aluminum-rich inclusions. Science 297, 1678-1683. 2002 
Anders E. and Grevesse N. (1989) Abundances of the elements - Meteoritic and solar. 2003 
Geochim. Cosmochim. Acta. 53, 197-214. 2004 
Arnould M., Paulus G., and Meynet G. (1997) Short-lived radionuclide production by 2005 
non-exploding Wolf-Rayet stars. Astron. Astrophys. 321, 452-464. 2006 
Becker H. and Walker R. J. (2003) Efficient mixing of the solar nebula from uniform Mo 2007 
isotopic composition of meteorites. Nature 425, 152-155. 2008 
Benedix G. K., McCoy T. J., Keil K., and Love S. G. (2000) A petrologic study of the IAB 2009 
iron meteorites: Constraints on the formation of the IAB-Winonaite parent body. 2010 
Meteorit. Planet. Sci. 35, 1127-1141. 2011 
Bethe H. A. (1939) Energy production in stars. Physical Review 55, 434-435. 2012 
Birck J.-L. (2004) An overview of isotopic anomalies in extraterrestrial materials and their 2013 
nucleosynthetic heritage. Rev. Mineral. Geochem. 55, 25-64. 2014 
Birck J.-L. and Lugmair G. W. (1988a) Nickel and chromium isotopes in Allende 2015 
inclusions. Earth Planet. Sci. Lett. 90, 131-143. 2016 
Birck J.-L. and Lugmair G. W. (1988b) The evidence for nickel isotopic anomalies in 2017 
Allende refractory inclusions. Chem. Geol. 70, 24. 2018 
Bizzarro M., Baker J. A., Haack H., and Lundgaard K. L. (2005) Rapid timescales for 2019 
accretion and melting of differentiated planetesimals inferred from 26Al-26Mg 2020 
chronometry. Astrophys. J. 632, L41-L44. 2021 
K. Andrews  2009
                                                                                                      REFERENCES  105 
 
Bizzarro M., Ulfbeck D., Trinquier A., Thrane K., Connelly J. N., and Meyer B. S. (2007) 2022 
Evidence for a late supernova injection of 60Fe into the protoplanetary disk. Science 2023 
316, 1178-1181. 2024 
Black D. C. (1972) On the origins of trapped helium, neon and argon isotopic variations 2025 
in meteorites-II. Carbonaceous meteorites. Geochim. Cosmochim. Acta. 36, 377-394. 2026 
Black D. C. and Pepin R. O. (1969) Trapped neon in meteorites - II. Earth Planet. Sci. Lett. 2027 
6, 395-405. 2028 
Bohm-Vitense E. (1992) Introduction to stellar astrophysics. Cambridge University Press, 285 2029 
pp. 2030 
Bondar Y. V. and Perelygin V. P. (2003) Cosmic history of some pallasites based on fossil 2031 
track studies. Radiat. Meas. 36, 367-373. 2032 
Boss A. P. (1985) Three-dimensional calculations of the formation of the presolar nebula 2033 
from a slowly rotating cloud. Icarus 61, 3-9. 2034 
Boss A. P. (1987) Protostellar formation in rotating interstellar clouds. VI. Nonuniform 2035 
initial conditions. Astrophys. J. 319, 149-161. 2036 
Boss A. P. and Vanhala H. A. T. (2000) Triggering protostellar collapse, injection, and 2037 
disk formation. Space Sci. Rev. 92, 13-22. 2038 
Boyet M. and Carlson R. W. (2005) 142Nd evidence for early (>4.53 Ga) global 2039 
differentiation of the silicate earth. Science 309, 576-581. 2040 
Buchwald V. F. (1975) Handbook of iron meteorites. University of California Press, Berkeley, 2041 
1426 pp. 2042 
Burbidge E. M., Burbidge G. R., Fowler W. A., and Hoyle F. (1957) Synthesis of the 2043 
elements in stars. Rev. Mod. Phys. 29, 547-650. 2044 
Buseck P. R. and Goldstein J. I. (1969) Olivine compositions and cooling rates of 2045 
pallasitic meteorites. GSA Bulletin 80, 2145-2158. 2046 
Cameron A. G. W. (1962) Formation of the solar nebula. Icarus 1, 339-342. 2047 
Cameron A. G. W. (1979) The neutron-rich silicon-burning and equilibrium processes of 2048 
nucleosynthesis. Astrophys. J. 230, L53-L57. 2049 
Cameron A. G. W. and Truran J. W. (1977) The supernova trigger for formation of the 2050 
Solar System. Icarus 30, 447-461. 2051 
K. Andrews  2009
                                                                                                      REFERENCES  106 
 
Cameron A. G. W., Hoflich P., Myers P. C., and Clayton D. D. (1995) Massive 2052 
supernovae, orion gamma-rays, and the formation of the Solar System Astrophys. J. 2053 
447, L53-L57. 2054 
Campbell A. J. and Humayun M. (2005) Compositions of group IVB iron meteorites and 2055 
their parent melt. Geochim. Cosmochim. Acta. 69, 4733-4744. 2056 
Campbell A. J., Humayun M., and Weisberg M. K. (2002) Siderophile element constraints 2057 
on the formation of metal in the metal-rich chondrites Bencubbin, Weatherford, 2058 
and Gujba. Geochim. Cosmochim. Acta. 66, 647-660. 2059 
Campbell A. J., Humayun M., Meibom A., Krot A. N., and Keil K. (2001) Origin of 2060 
zoned metal grains in the QUE94411 chondrite. Geochim. Cosmochim. Acta. 65, 163- 2061 
180. 2062 
Caro G., Bourdon B., Birck J. L., and Moorbath S. (2003) 146Sm-142Nd evidence from Isua 2063 
metamorphosed sediments for early differentiation of the Earth's mantle. Nature 2064 
423, 428-432. 2065 
Chambers J. E. (2007) Planet formation. In: Davis, A. M. E. (Ed.), Meteorites, comets and 2066 
planets. vol. 1, 1-17 pp., Treatise on Geochemistry, Update 1, Holland, H. D. and 2067 
Turekian, K. K. E. (Eds.),  Elsevier, Oxford, 7800 pp. 2068 
Chandrasekhar S. (1931) The maximum mass of ideal white dwarfs. Astrophys. J. 74, 81. 2069 
Chen J. H., Papanastassiou D. A., and Wasserburg G. J. (2002) Re-Os and Pd-Ag 2070 
systematics in Group IIIAB irons and in pallasites. Geochim. Cosmochim. Acta. 66, 2071 
3793-3810. 2072 
Chen J. H., Papanastassiou D. A., and Wasserburg G. J. (2009) A search for nickel 2073 
isotopic anomalies in iron meteorites and chondrites. Geochim. Cosmochim. Acta. 73, 2074 
1461-1471. 2075 
Choi B.-G., Ouyang X., and Wasson J. T. (1995) Classification and origin of IAB and 2076 
IIICD iron meteorites. Geochim. Cosmochim. Acta. 59, 593-612. 2077 
Clayton R. N. (1993) Oxygen isotopes in meteorites. Annual Review of Earth and Planetary 2078 
Sciences 21, 115-149. 2079 
Clayton R. N. and Mayeda T. K. (1996) Oxygen isotope studies of achondrites. Geochim. 2080 
Cosmochim. Acta. 60, 1999-2017. 2081 
Clayton R. N., Grossman L., and Mayeda T. K. (1973) A component of primitive nuclear 2082 
composition in carbonaceous meteorites. Science 182, 485-488. 2083 
K. Andrews  2009
                                                                                                      REFERENCES  107 
 
Clayton R. N., Onuma N., Grossman L., and Mayeda T. K. (1977) Distribution of the 2084 
pre-solar component in Allende and other carbonaceous chondrites. Earth Planet. 2085 
Sci. Lett. 34, 209-224. 2086 
Cook D. L., Clayton R. N., Wadhwa M., Janney P. E., and Davis A. M. (2008) Nickel 2087 
isotopic anomalies in troilite from iron meteorites. Geophys. Res. Lett. 35, art. no. 2088 
L01203. 2089 
Cook D. L., Wadhwa M., Janney P. E., Dauphaus N., Clayton R. N., and Davis A. M. 2090 
(2006) High precision measurements of non-mass-dependent effects in nickel 2091 
isotopes in meteoritic metal via multicollector ICPMS. Anal. Chem. 78, 8477-8484. 2092 
CSIRO (2006) Astrophysics. Commonwealth Scientific and Industrial Research 2093 
Organisation, Australia Telescope Outreach and Education. 2094 
http://outreach.atnf.csiro.au/education/senior/cosmicengine/stars_hrdiagram.ht 2095 
ml. Access date: 03/03/09. 2096 
Dauphas N., Marty B., and Reisberg L. (2002a) Molybdenum evidence for inherited 2097 
planetary scale isotope heterogeneity of the protosolar nebula. Astrophys. J. 565, 2098 
640-644. 2099 
Dauphas N., Marty B., and Reisberg L. (2002b) Molybdenum nucleosynthetic dichotomy 2100 
revealed in primitive meteorites. Astrophys. J. 569, L139-L142. 2101 
Dauphas N., Cook D. L., Sacarabany A., Frohlich C., Davis A. M., Wadhwa M., 2102 
Pourmand A., Rauscher T., and Gallino R. (2008) Iron 60 evidence for early 2103 
injection and efficient mixing of stellar debris in the protosolar nebula. Astrophys. J. 2104 
686, 560-569. 2105 
Desrousseaux A., Doukhan J. C., Leroux H., and Van Duysen J. C. (1997) An analytical 2106 
electron microscope investigation of some pallasites. Physics of The Earth and 2107 
Planetary Interiors 103, 101-115. 2108 
Faure G. (1998) Principles and applications of geochemistry: a comprehensive textbook for geology 2109 
students 2nd edition. Prentice-Hall, New Jersey, 600 pp. 2110 
Firestone R. B. (2000) The Berkeley Laboratory Isotopes Project's: Exploring the Table of Isotopes. 2111 
http://ie.lbl.gov/education/parent/Ni_iso.htm. Access date: 3/12/08. 2112 
Fish R. A., Goles G. G., and Anders E. (1960) The record in the meteorites. III. On the 2113 
development of meteorites in astroidal bodies. Astrophys. J. 132, 243-258. 2114 
Goldberg E., Uchiyama A., and Brown H. (1957) The distribution of nickel, cobalt, 2115 
gallium, palladium and gold in iron meteorites. Geochim. Cosmochim. Acta. 2, 1-25. 2116 
K. Andrews  2009
                                                                                                      REFERENCES  108 
 
Gounelle M., Young E. D., Shahar A., Tonui E., and Kearsley A. (2007) Magnesium 2117 
isotopic constraints on the origin of CBb chondrites. Earth Planet. Sci. Lett. 256, 2118 
521-533. 2119 
Gounelle M., Shu F. H., Shang H., Glassgold A. E., Rehm K. E., and Lee T. (2001) 2120 
Extinct radioactivities and protosolar cosmic rays: Self-shielding and light 2121 
elements. Astrophys. J. 548, 1051-1070. 2122 
Gounelle M., Shu F. H., Shang H., Glassgold A. E., Rehm K. E., and Lee T. (2006) The 2123 
irradiation origin of beryllium radioisotopes and other short-lived radionuclides. 2124 
Astrophys. J. 640, 1163-1170. 2125 
Greenwood R. C., Franchi I. A., Jambon A., Barrat J. A., and Burbine T. H. (2006) 2126 
Oxygen isotope variation in stony-iron meteorites. Science 313, 1763-1765. 2127 
Guan Y., Huss G. R., and Leshin L. A. (2007) 60Fe-60Ni and 53Mn-53Cr isotopic systems in 2128 
sulfides from unequilibrated enstatite chondrites. Geochim. Cosmochim. Acta. 71, 2129 
4082-4091. 2130 
Haack H. and McCoy T. J. (2007) Iron and stony-iron meteorites. In: Davis, A. M. E. 2131 
(Ed.), Meteorites, comets and planets. vol. 1, 1-22 pp., Treatise on Geochemistry, 2132 
Update 1, Holland, H. D. and Turekian, K. K. E. (Eds.),  Elsevier, Oxford, 7800 2133 
pp. 2134 
Hainebach K. L., Clayton D. D., Arnett W. D., and Woosley S. E. (1974) On the e- 2135 
process - its components and their neutron excesses. Astrophys. J. 193, 157-168. 2136 
Hartmann D., Woosley S. E., and Eleid M. F. (1985) Nucleosynthesis in neutron-rich 2137 
supernova ejecta. Astrophys. J. 297, 837-845. 2138 
Heidenreich J. E. and Thiemens M. H. (1985) A non-mass-dependent oxygen isotope 2139 
effect in the production of ozone from molecular oxygen: The role of molecular 2140 
symmetry in isotope chemistry. The Journal of Chemical Physics 84, 2129-2136. 2141 
Herbert F. and Sonett C. P. (1978) Primordial metamorphism of asteroids via electrical 2142 
induction in a T-Tauri-like solar-wind. Astrophysics and Space Science 55, 227-239. 2143 
Hester J. J., Desch S. J., Healy K. R., and Leshin L. A. (2004) The cradle of the Solar 2144 
System. Science 304, 1116-1117. 2145 
Hidaka H., Ebihara M., and Yoneda S. (2000) Isotopic study of neutron capture effects on 2146 
Sm and Gd in chondrites. Earth Planet. Sci. Lett. 180, 29-37. 2147 
Honda M. and Imamura M. (1971) Half-life of 53Mn. Physical review 4, 1182-1188. 2148 
K. Andrews  2009
                                                                                                      REFERENCES  109 
 
Hoyle F. (1958) The astrophysical implications of element synthesis. Ricerche Astronomiche. 2149 
Specola Vaticana, Proceedings of a Conference at Vatican Observatory.  2150 
Hoyle F., Burbidge G., and Narlikar J. V. (1993) A quasi-steady state cosmological model 2151 
with creation of matter. Astrophys. J. 410, 437-457. 2152 
Hsui A. T. and Toksoz M. N. (1977) Thermal evolution of planetary size bodies. Lunar 2153 
Science Conference, 8th. Houston. Pergamon Press, 447-461 pp. 2154 
Huang S. and Humayun M. (2008) Osmium isotope anomalies in group IVB irons: 2155 
cosmogenic or nucleosynthetic contributions. Lunar Planet. Sci. XXXIX. League 2156 
City, Texas. #1168 (abstr.). 2157 
Jones M. H., Lambourne R. J., and Adams D. J. (2004) An introduction to galaxies and 2158 
cosmology. Cambridge University Press, 442 pp. 2159 
Kastner J. H. and Myers P. C. (1994) An observational estimate of the probability of 2160 
encounters between mass-losing evolved stars and molecular clouds. Astrophys. J. 2161 
421, 605-614. 2162 
Kelly W. R. and Larimer J. W. (1977) Chemical fractionations in meteorites-VIII. Iron 2163 
meteorites and the cosmochemical history of the metal phase. Geochim. Cosmochim. 2164 
Acta. 41, 93-111. 2165 
Kita N. T., Nagahara H., Togashi S., and Morishita Y. (2000) A short duration of 2166 
chondrule formation in the solar nebula: evidence from 26Al in Semarkona 2167 
ferromagnesian chondrules. Geochim. Cosmochim. Acta. 64, 3913-3922. 2168 
Kleine T., Munker C., Mezger K., and Palme H. (2002) Rapid accretion and early core 2169 
formation on asteroids and the terrestrial planets from Hf-W chronometry. Nature 2170 
418, 952-955. 2171 
Kleine T., Mezger K., Palme H., Scherer E., and Munker C. (2005) Early core formation 2172 
in asteroids and late accretion of chondrite parent bodies: Evidence from 182Hf- 2173 
182W in CAIs, metal-rich chondrites, and iron meteorites. Geochim. Cosmochim. Acta. 2174 
69, 5805-5818. 2175 
Kong P., Ebihara M., Nakahara H., and Endo K. (1995) Chemical characteristics of metal 2176 
phases of the Richardton H5 chondrite. Earth Planet. Sci. Lett. 136, 407-419. 2177 
Koupelis T. and Kuhn K. F. (2007) In quest of the universe, 5th Ed. Jones & Bartlett, 648 pp. 2178 
Krauskopf K. (2002) Frontiers in geochemistry: Global inorganic geochemistry. Geological Society 2179 
of America, 324 pp. 2180 
K. Andrews  2009
                                                                                                      REFERENCES  110 
 
Krot A. N., Amelin Y., Cassen P., and Meibom A. (2005) Young chondrules in CB 2181 
chondrites from a giant impact in the early Solar System. Nature 436, 989-992. 2182 
Krot A. N., Keil K., Scott E. R. D., Goodrich C. A., and Weisberg M. K. (2007) 2183 
Classification of meteorites. In: Davis, A. M. E. (Ed.), Meteorites, comets and planets. 2184 
vol. 1, 1-52 pp., Treatise on Geochemistry, Update 1, Holland, H. D. and 2185 
Turekian, K. K. E. (Eds.),  Elsevier, Oxford, 7800 pp. 2186 
Krot A. N., Meibom A., Russell S. S., O'D. Alexander C. M., Jeffries T. E., and Keil K. 2187 
(2001) A new astrophysical setting for chondrule formation. Science 291, 1776- 2188 
1779. 2189 
Kuiper G. P. (1954) On the origin of the lunar surface features. Proc. Nat. Acad. Sci. U.S.A. 2190 
40, 1096-1112. 2191 
Kutschera W., Billquist P. J., Frekers D., Henning W., Jensen K. J., Xiuzeng M., Pardo R., 2192 
Paul M., Rehm K. E., Smither R. K., Yntema J. L., and Mausner L. F. (1984) Half- 2193 
life of 60Fe. Nucl. Instrum. Methods Phys. Res., Sect. B 5, 430-435. 2194 
Lada C. J. and Lada E. A. (2003) Embedded clusters in molecular clouds. Annu. Rev. 2195 
Astron. Astr. 41, 57-115. 2196 
Laughlin G., Bodenheimer P., and Adams F. C. (1997) The end of the main sequence. The 2197 
Astrophysical Journal 482, 420-432. 2198 
Lee D. C., Halliday A. N., Snyder G. A., and Taylor L. A. (1997) Age and origin of the 2199 
moon. Science 278, 1098-1103. 2200 
Lee T., Papanastassiou D. A., and Wasserburg G. J. (1976) Demonstration of 26Mg excess 2201 
in Allende and evidence for 26Al. Geophys. Res. Lett. 3, 41-44. 2202 
Lee T., Papanastassiou D. A., and Wasserburg G. J. (1977) Aluminum-26 in the early 2203 
Solar System: Fossil or fuel? Astrophys. J. 211, L107-L110. 2204 
Lee T., Papanastassiou D. A., and Wasserburg G. J. (1978) Calcium isotopic anomalies in 2205 
the Allende meteorite. Astrophys. J. 220, L21-L25. 2206 
Lee T., Shu F. H., Shang H., Glassgold A. E., and Rehm K. E. (1998) Protostellar cosmic 2207 
rays and extinct radioactivities in meteorites. Astrophys. J. 506, 898-912. 2208 
Lewis R. S., Ming T., Wacker J. F., Anders E., and Steel E. (1987) Interstellar diamonds in 2209 
meteorites. Nature 326, 160-162. 2210 
K. Andrews  2009
                                                                                                      REFERENCES  111 
 
Leya I., Wieler R., and Halliday A. N. (2003a) The influence of cosmic-ray production on 2211 
extinct nuclide systems. Geochim. Cosmochim. Acta. 67, 529-541. 2212 
Leya I., Halliday A. N., and Wieler R. (2003b) The predictable collateral consequences of 2213 
nucleosynthesis by spallation reactions in the early Solar System. Astrophys. J. 594, 2214 
605-616. 2215 
Lovering J. F., Nichiporuk W., Chodos A., and Brown H. (1957) The distribution of 2216 
gallium, germanium, cobalt, chromium, and copper in iron and stony-iron 2217 
meteorites in relation to nickel content and structure. Geochim. Cosmochim. Acta. 11, 2218 
263-278. 2219 
Lugmair G. W. and Shukolyukov A. (1998) Early Solar System timescales according to 2220 
53Mn-53Cr systematics. Geochim. Cosmochim. Acta. 62, 2863-2886. 2221 
Lyons J. R. and Young E. D. (2005) CO self-shielding as the origin of oxygen isotope 2222 
anomalies in the early solar nebula. Nature 435, 317-320. 2223 
MacPherson G. J., Heinrich D. H., and Karl K. T. (2007) Calcium-aluminum-rich 2224 
inclusions in chondritic meteorites. In: Davis, A. M. E. (Ed.), Meteorites, comets and 2225 
planets. vol.1, 1-47 pp., Treatise on Geochemistry, Update 1, Holland, H. D. and 2226 
Turekian, K. K. E. (Eds.),  Elsevier, Oxford, 7800 pp. 2227 
Markowski A., Quitte G., Halliday A. N., and Kleine T. (2006a) Tungsten isotopic 2228 
compositions of iron meteorites: Chronological constraints vs. cosmogenic 2229 
effects. Earth Planet. Sci. Lett. 242, 1-15. 2230 
Markowski A., Leya I., Quitte G., Ammon K., Halliday A. N., and Wieler R. (2006b) 2231 
Correlated helium-3 and tungsten isotopes in iron meteorites: Quantitative 2232 
cosmogenic corrections and planetesimal formation times. Earth Planet. Sci. Lett. 2233 
250, 104-115. 2234 
Maruoka T. and Matsuda J.-i. (2001) New crucible for noble gas extraction. Chem. Geol. 2235 
175, 751-756. 2236 
Masarik J. (1997) Contribution of neutron-capture reactions to observed tungsten isotopic 2237 
ratios. Earth Planet. Sci. Lett. 152, 181-185. 2238 
Massalski T. B. and Park F. R. (1964) A study of four pallasites using metallographic, 2239 
microhardness and microprobe techniques. Geochim. Cosmochim. Acta. 28, 1165- 2240 
1166. 2241 
Mazzali P. A., Ropke F. K., Benetti S., and Hillebrandt W. (2007) A common explosion 2242 
mechanism for type Ia supernovae. Science 315, 825-828. 2243 
K. Andrews  2009
                                                                                                      REFERENCES  112 
 
McKeegan K. D., Chaussidon M., and Robert F. (2000) Incorporation of short-lived Be- 2244 
10 in a calcium-aluminum-rich inclusion from the Allende meteorite. Science 289, 2245 
1334-1337. 2246 
Merrill P. W. (1952) The preminimum spectrum of R Leonis. Astrophys. J. 116, 337. 2247 
Meyer B. S. (1994) The r-, s-, and p-processes in nucleosynthesis. Annu. Rev. Astron. Astr. 2248 
32, 153-190. 2249 
Meyer B. S. and Clayton D. D. (2000) Short-lived radioactivities and the birth of the Sun. 2250 
Space Sci. Rev. 92, 133-152. 2251 
Ming T. and Anders E. (1988) Isotopic anomalies of Ne, Xe, and C in meteorites. II. 2252 
Interstellar diamond and SiC: Carriers of exotic noble gases. Geochim. Cosmochim. 2253 
Acta. 52, 1235-1244. 2254 
Morand P. and Allegre C. J. (1983) Nickel isotopic studies in meteorites. Earth Planet. Sci. 2255 
Lett. 63, 167-176. 2256 
Mostefaoui S., Lugmair G. W., and Hoppe P. (2005) 60Fe: A heat source for planetary 2257 
differentiation from a nearby supernova explosion. Astrophys. J. 625, 271-277. 2258 
Moynier F., Blichert-Toft J., Telouk P., and Albarede F. (2005) Excesses of 60Ni in 2259 
chondrites and iron meteorites. 36th Annual Lunar and Planetary Science Conference 2260 
XXXVI. League City, Texas. #1593 (abstr.). 2261 
Moynier F., Blichert-Toft J., Telouk P., Luck J.-M., and Albarede F. (2007) Comparative 2262 
stable isotope geochemistry of Ni, Cu, Zn, and Fe in chondrites and iron 2263 
meteorites. Geochim. Cosmochim. Acta. 71, 4365-4379. 2264 
Nakajima T., Oppenheimer B. R., Kulkarni S. R., Golimowski D. A., Matthews K., and 2265 
Durrance S. T. (1995) Discovery of a cool brown dwarf. Nature 378, 463-465. 2266 
Niederer F. R. and Papanastassiou D. A. (1984) Ca isotopes in refractory inclusions. 2267 
Geochim. Cosmochim. Acta. 48, 1279-1293. 2268 
Ostriker E. C. and Shu F. H. (1995) Magnetocentrifugally driven flows from young stars 2269 
and disks. IV. The accretion funnel and dead zone. Astrophys. J. 447, 813-828. 2270 
Ouellette N., Desch S. J., and Hester J. J. (2007) Interaction of supernova ejecta with 2271 
nearby protoplanetary disks. Astrophys. J. 662, 1268-1281. 2272 
Paul M., Ahmad I., and Kutschera W. (1991) Half-life of 41Ca. Z. Phys. A: Hadrons Nucl. 2273 
340, 249-254. 2274 
K. Andrews  2009
                                                                                                      REFERENCES  113 
 
Petaev M. I., Meibom A., Krot A. N., Wood J. A., and Keil K. (2001) The condensation 2275 
origin of zoned metal grains in Queen Alexandra Range 94411: Implications for 2276 
the formation of the Bencubbin-like chondrites. Meteorit. Planet. Sci. 36, 93-106. 2277 
Peters J. G., Fowler W. A., and Clayton D. D. (1972) Weak s-process irradiations. 2278 
Astrophys. J. 173, 637-648. 2279 
Pomerance H. (1952) Thermal neutron capture cross sections. Physical Review 88, 412-413. 2280 
Qin L., Dauphas N., Wadhwa M., Markowski A., Gallino R., Janney P. E., and Bouman 2281 
C. (2008) Tungsten nuclear anomalies in planetesimal cores. Astrophys. J. 674, 2282 
1234-1241. 2283 
Quitte G. and Oberli F. (2006) Quantitative extraction and high precision isotope 2284 
measurements of nickel by MC-ICPMS. J. Anal. At. Spectrom. 21, 1249-1255. 2285 
Quitte G., Birck J.-L., and Allegre C. J. (2005) Stony-iron meteorites: history of the metal 2286 
phase according to tungsten isotopes. Geochim. Cosmochim. Acta. 69, 1321-1332. 2287 
Quitte G., Meier M., Latkoczy C., Halliday A. N., and Gunther D. (2006) Nickel isotopes 2288 
in iron meteorites - nucleosynthetic anomalies in sulfides with no effects in metals 2289 
and no trace of 60Fe. Earth Planet. Sci. Lett. 242, 16 - 25. 2290 
Quitte G., Halliday A. N., Meyer B. S., Markowski A., Latkoczy C., and Gunther D. 2291 
(2007a) Correlated iron 60, nickel 62, and zirconium 96 in refractory inclusions 2292 
and the origin of the Solar System. Astrophys. J. 655, 678-684. 2293 
Quitte G., Markowski A., Halliday A. N., Meier M., Latkoczy C., Gunther D., Telouk P., 2294 
Blichert-Toft J., and Albarede F. (2007b) A reassessment of the 60Fe-60Ni isotopic 2295 
system as a ubiquitous chronometer for the early Solar System. 38th Lunar and 2296 
Planetary Science Conference XXXVIII. League City, Texas. #1338 (abstr.). 2297 
Raffelt G. G. (1996) Stars as laboratories for fundamental physics: The astrophysics of neutrinos. 2298 
University of Chicago Press, 664 pp. 2299 
Regelous M., Elliott T., and Coath C. D. (2008) Nickel isotope heterogeneity in the early 2300 
Solar System. Earth Planet. Sci. Lett. 272, 330-338. 2301 
Reuter K. B., Williams D. B., and Goldstein J. I. (1988) Low temperature phase 2302 
transformations in the metallic phases of iron and stony-iron meteorites. Geochim. 2303 
Cosmochim. Acta. 52, 617-626. 2304 
Reynolds J. H. (1960) Determination of the age of the elements. Physical Review Letters 4, 8- 2305 
10. 2306 
K. Andrews  2009
                                                                                                      REFERENCES  114 
 
Reynolds J. H. and Turner G. (1964) Rare Gases in the Chondrite Renazzo. J. Geophys. Res. 2307 
69, 3263. 2308 
Roy J. C. and Kohman T. P. (1957) Iron-60. Can. J. Phys. 35, 649-655. 2309 
Rubin A. E. (1997) Mineralogy of meteorite groups. Meteorit. Planet. Sci. 32, 231-247. 2310 
Rubin A. E., Kallemeyn G. W., Wasson J. T., Clayton R. N., Mayeda T. K., Grady M., 2311 
Verchovsky A. B., Eugster O., and Lorenzetti S. (2003) Formation of metal and 2312 
silicate globules in Gujba: A new Bencubbin-like meteorite fall. Geochim. 2313 
Cosmochim. Acta. 67, 3283-3298. 2314 
Sahijpal S., Goswami J. N., Davis A. M., Grossman L., and Lewis R. S. (1998) A stellar 2315 
origin for the short-lived nuclides in the early Solar System. Nature 391, 559-561. 2316 
Samworth E. A., Warburton E. K., and Engelbertink G. A. P. (1972) Beta decay of the 2317 
26Al ground state. Phys. Rev. C: Nucl. Phys. 5, 138-142. 2318 
Schaeffer O. A. (1962) Radiochemistry of meteorites. Annual Reviews in Physical Chemistry 2319 
13, 151-170. 2320 
Schaudy R., Watson J. T., and Buchwald V. F. (1972) The chemical classification of iron 2321 
meteorites. VI. A reinvestigation of irons with Ge concentration lower than 1 2322 
ppm. Icarus 17, 174-192. 2323 
Schersten A., Elliott T., Hawkesworth C., Russell S., and Masarik J. (2006) Hf-W evidence 2324 
for rapid differentiation of iron meteorite parent bodies. Earth Planet. Sci. Lett. 241, 2325 
530-542. 2326 
Scott E. R. D. (1972) Chemical fractionation in iron meteorites and its interpretation. 2327 
Geochim. Cosmochim. Acta. 36, 1205-1236. 2328 
Scott E. R. D. (1978) Iron meteorites with low Ga and Ge concentrations-composition, 2329 
structure and genetic relationships. Geochim. Cosmochim. Acta. 42, 1243-1251. 2330 
Scott E. R. D. (2007) Chondrites and the protoplanetary disk. Annual Review of Earth and 2331 
Planetary Sciences 35, 577-620. 2332 
Scott E. R. D. and Wasson J. T. (1975) Classification and properties of iron meteorites. 2333 
Rev. Geophys. Space Phys. 13, 527-546. 2334 
Scott E. R. D. and Wasson J. T. (1976) Chemical classification of iron meteorites - VIII. 2335 
Groups IC. IIE, IIIF and 97 other irons. Geochim. Cosmochim. Acta. 40, 103-108. 2336 
K. Andrews  2009
                                                                                                      REFERENCES  115 
 
Scott E. R. D., Krot A. N., Heinrich D. H., and Karl K. T. (2007) Chondrites and their 2337 
components. In: Davis, A. M. E. (Ed.), Meteorites, comets and planets. vol. 1, 1-72 pp., 2338 
Treatise on Geochemistry, Update 1, Holland, H. D. and Turekian, K. K. E. 2339 
(Eds.),  Elsevier, Oxford, 7800 pp. 2340 
Shen J. J., Papanastassiou D. A., and Wasserburg G. J. (1998) Re-Os systematics in 2341 
pallasite and mesosiderite metal. Geochim. Cosmochim. Acta. 62, 2715-2723. 2342 
Shimamura T. and Lugmair G. W. (1983) Ni isotopic compositions in Allende and other 2343 
meteorites. Earth Planet. Sci. Lett. 63, 177-188. 2344 
Shu F. H. (1982) The physical universe: An introduction to astronomy. University Science Books, 2345 
584 pp. 2346 
Shu F. H., Shang H., and Lee T. (1996) Toward an astrophysical theory of chondrites. 2347 
Science 271, 1545-1552. 2348 
Shu F. H., Shang H., Gounelle M., Glassgold A. E., and Lee T. (2001) The origin of 2349 
chondrules and refractory inclusions in chondritic meteorites. Astrophys. J. 548, 2350 
1029-1050. 2351 
Shukolyukov A. and Lugmair G. W. (1993a) Live iron-60 in the early Solar System. Science 2352 
259, 1138-1142. 2353 
Shukolyukov A. and Lugmair G. W. (1993b) 60Fe in eucrites. Earth Planet. Sci. Lett. 119, 2354 
159-166. 2355 
Tachibana S. and Huss G. R. (2003) The initial abundance of 60Fe in the Solar System. 2356 
Astrophys. J. 588, L41-L44. 2357 
Tachibana S., Huss G. R., Kita N. T., Shimoda G., and Morishita Y. (2006) 60Fe in 2358 
chondrites: debris from a nearby supernova in the early Solar System? Astrophys. J. 2359 
639, L87-L90. 2360 
Taylor S. R. (2001) Solar System evolution: A new perspective. An inquiry into the chemical and 2361 
composition, origin, and evolution of the solar system. 2nd edition. Cambridge University 2362 
Press, 460 pp. 2363 
Trinquier A., Birck J. L., Allegre C. J., Gopel C., and Ulfbeck D. (2008) 53Mn-53Cr 2364 
systematics of the early Solar System revisited. Geochim. Cosmochim. Acta. 72, 5146- 2365 
5163. 2366 
K. Andrews  2009
                                                                                                      REFERENCES  116 
 
Truran Jr J. W. and Heger A. (2007) Origin of the elements. In: Davis, A. M. E. (Ed.), 2367 
Meteorites, comets and planets. vol. 1, 1-15 pp., Treatise on Geochemistry, Update 1, 2368 
Holland, H. D. and Turekian, K. K. E. (Eds.),  Elsevier, Oxford, 7800 pp. 2369 
Urey H. C. (1955) The cosmic abundances of potassium, uranium, and thorium and the 2370 
heat balances of the Earth, the Moon, and Mars. Proc. Nat. Acad. Sci. U.S.A. 41, 2371 
127-144. 2372 
Vértes A., Nagy S., Klencsar Z., and Lovas R. G. (2003) Handbook of nuclear chemistry. 2373 
Springer, 560 pp. 2374 
Vilcsek E. and Wanke H. (1961) Chlorine-36 as spallation product of the cosmic rays in meteorites 2375 
and the exposure age of iron meteorites. Report for the Max-Planck-Institut fur Chemie 2376 
(Otto-Hahn-Institut), Defense Technical Information Center. 2377 
Voshage H. and Feldmann H. (1979) Investigations on cosmic-ray-produced nuclides in 2378 
iron meteorites, 3. Exposure ages, meteoroid sizes and sample depths determined 2379 
by mass spectrometric analyses of potassium and rare gases. Earth Planet. Sci. Lett. 2380 
45, 293-308. 2381 
Wahl W. (1965) The pallasite problem. Geochim. Cosmochim. Acta. 29, 177-181. 2382 
Wasserburg G. J. (1987) Isotopic abundances: inferences on Solar System and planetary 2383 
evolution. Earth Planet. Sci. Lett. 86, 129-173. 2384 
Wasserburg G. J., Sanz H. G., and Bence A. E. (1968) Potassium-feldspar phenocrysts in 2385 
the surface of Colomera, and iron meteorite. Science 161, 684-687. 2386 
Wasserburg G. J., Gallino R., and Busso M. (1998) A test of the supernova trigger 2387 
hypothesis with 60Fe and 26Al. Astrophys. J. 500, L189-L193. 2388 
Wasserburg G. J., Busso M., Gallino R., and Raiteri C. M. (1994) Asymptotic giant branch 2389 
stars as a source of short-lived radioactive nuclei in the solar nebula. Astrophys. J. 2390 
424, 412-428. 2391 
Wasserburg G. J., Busso M., Gallino R., and Nollett K. M. (2006) Short-lived nuclei in the 2392 
early Solar System: possible AGB sources. Nuclear Physics A 777, 5-69. 2393 
Wasson J. T. (1969) The chemical classification of iron meteorites--III. Hexahedrites and 2394 
other irons with germanium concentrations between 80 and 200 ppm. Geochim. 2395 
Cosmochim. Acta. 33, 859-876. 2396 
K. Andrews  2009
                                                                                                      REFERENCES  117 
 
Wasson J. T. (1970) The chemical classification of iron meteorites: IV. Irons with Ge 2397 
concentrations greater than 190 ppm and other meteorites associated with group 2398 
I. Icarus 12, 407-423. 2399 
Wasson J. T. and Kallemeyn G. W. (1990) Allan Hills 85085: A subchondritic meteorite of 2400 
mixed nebular and regolithic heritage. Earth Planet. Sci. Lett. 101, 148-161. 2401 
Wasson J. T. and Ouyang X. (1990) Compositional range in the Canyon Diablo 2402 
meteoroid. Geochim. Cosmochim. Acta. 54, 3175-3183. 2403 
Wasson J. T. and Kallemeyn G. W. (2002) The IAB iron-meteorite complex: A group, five 2404 
subgroups, numerous grouplets, closely related, mainly formed by crystal 2405 
segregation in rapidly cooling melts. Geochim. Cosmochim. Acta. 66, 2445-2473. 2406 
Wasson J. T. and Choi B.-G. (2003) Main-group pallasites: chemical composition, 2407 
relationship to IIIAB irons, and origin. Geochim. Cosmochim. Acta. 67, 3079-3096. 2408 
Wasson J. T., Willis J., Wai C. M., and Kracher A. (1980) Origin of iron meteorite groups 2409 
IAB and IIICD. Z. Naturforsch. 35 A, 781-795. 2410 
Wasson J. T., Lange D. E., Francis C. A., and Ulff-Moller F. (1999) Massive chromite in 2411 
the Brenham pallasite and the fractionation of Cr during the crystallization of 2412 
asteroidal cores. Geochim. Cosmochim. Acta. 63, 1219-1232. 2413 
Weidenschilling S. J. (1980) Dust to planetesimals: Settling and coagulation in the solar 2414 
nebula. Icarus 44, 172-189. 2415 
Weiler K. W. (2003) Supernovae and gamma-ray bursters. Springer, 471 pp. 2416 
Weisberg M. K., Boesenberg J. S., and Ebel D. S. (2002) Gujba and Origin of the 2417 
Bencubbin-like (CB) Chondrites. 33rd Annual Lunar and Planetary Science Conference 2418 
Houston, Texas. #1551 (abstr.). 2419 
Weisberg M. K., Prinz M., Clayton R. N., Mayeda T. K., Sugiura N., Zashu S., and 2420 
Ebihara M. (2001) A new metal-rich chondrite grouplet. Meteorit. Planet. Sci. 36, 2421 
401-418. 2422 
White W. M. (2006) The big picture: cosmochemistry, (Updated). In Geochemistry. 2423 
Unpublished, 52 pp. http://www.imwa.info/geochemistry/ Access date: 2424 
10/01/2008 2425 
Wood J. A. (2004) Formation of chondritic refractory inclusions: The astrophysical 2426 
setting. Geochim. Cosmochim. Acta. 68, 4007-4021. 2427 
K. Andrews  2009
                                                                                                      REFERENCES  118 
 
Wooden D. H., Rank D. M., Bregman J. D., Witteborn F. C., Tielens A. G. G. M., Cohen 2428 
M., Pinto P. A., and Axelrod T. S. (1993) Airborne spectrophotometry of SN 2429 
1987A from 1.7 to 12.6 microns: Time history of the dust continuum and line 2430 
emission. Astrophysical Journal, Supplement Series 88, 477-507. 2431 
Woosley S. E. and Howard W. M. (1978) The p-process in supernovae. The Astrophysical 2432 
Journal Supplement Series 36, 285-304. 2433 
Woosley S. E., Heger A., and Weaver T. A. (2002) The evolution and explosion of 2434 
massive stars. Rev. Mod. Phys. 74, 1015-1071. 2435 
Yin Q., Jacobsen S. B., and Yamashita K. (2002) Diverse supernova sources of pre-solar 2436 
material inferred from molybdenum isotopes in meteorites. Nature 415, 881-883. 2437 
Young E. D., Galy A., and Nagahara H. (2002) Kinetic and equilibrium mass-dependent 2438 
isotope fractionation laws in nature and their geochemical and cosmochemical 2439 
significance. Geochim. Cosmochim. Acta. 66, 1095-1104. 2440 
Yurimoto H. and Kuramoto K. (2002) A possible scenario introducing heterogeneous 2441 
oxygen isotopic distribution in proto-planetary disks. Meteoritics & Planetary Science 2442 
37, Supplement, A153. 2443 
Yurimoto H. and Kuramoto K. (2004) Molecular cloud origin for the oxygen isotope 2444 
heterogeneity in the Solar System. Science 305, 1763-1766. 2445 
Zinner E., Amari S., and Lewis R. S. (1991) S-process Ba, Nd, and Sm in presolar SiC 2446 
from the Murchison meteorite. Astrophys. J. 382, L47-L50. 2447 
Zircker J. B. (2002) Journey from the center of the Sun. Princeton University Press, 271-302 pp. 2448 
 2449 
 2450 
K. Andrews  2009
  
 
SEARCHING FOR A SUPERNOVA TRIGGER FOR SOLAR SYSTEM 2451 
FORMATION USING HIGH PRECISION NICKEL ISOTOPE 2452 
MEASUREMENTS OF FE-NI METAL IN METEORITES 2453 
 2454 
 2455 
A THESIS 2456 
SUBMITTED TO THE SCHOOL OF GEOGRAPHY, ENVIRONMENT AND EARTH 2457 
SCIENCES, VICTORIA UNIVERSITY OF WELLINGTON 2458 
FOR THE DEGREE OF 2459 
MASTERS OF SCIENCE WITH HONOURS IN GEOLOGY 2460 
 2461 
VOLUME II - APPENDICES 2462 
 2463 
KIMBERLY TETHERA ANDREWS 2464 
APRIL 2009 2465 
2466 








A1 Analytical techniques.………………………………………………………….121 2471 
A2 Sample information…………………………………………………………….139 2472 
A3 MC-ICPMS data…….………………………………………………………….154 2473 
A4 Online sources of meteorites..…………………………………………………447 2474 
2475 
K. Andrews  2009
  
 
Appendix 1 2475 
Analytical techniques 2476 
 2477 
 2478 
A gas pillar extending out of the Eagle nebula (photo credit: NASA, ESA and the Hubble 2479 
Heritage Team (STScI/AURA)) 2480 
K. Andrews  2009
                                                             APPENDIX 1. Analytical techniques   
 
122 
Appendix One 2481 
A1. Analytical techniques 2482 
A1.1 SAMPLE PREPARATION AND DIGESTION 2483 
All chemical and analytical techniques were performed in the Geochemistry Laboratory of 2484 
Victoria University of Wellington. Chemical separation of Ni from Fe-Ni metal was 2485 
carried out in class 10 laminar flow hoods in a class 100 clean room. Both SeastarTM and in 2486 
house quartz sub-boiled acids prepared from AR grade acids were used in column 2487 
chemistry and cleaning.  2488 
Fe-Ni metal from each meteorite was physically isolated using a diamond saw or a hand 2489 
held Dremel drill. The procedure developed for the isolation of Ni is outlined in Figure 2490 
A1-1. The Fe-Ni metal was then polished using 600-grade silicon carbide sandpaper to 2491 
remove any silicate material, surface weathering, rusting or surficial contamination. The 2492 
metal was subsequently washed in >18.2 MΩ grade water and cleaned with methanol in 2493 
an ultrasonic bath to remove grease acquired during handling, and to prevent rusting. The 2494 
metal chondrules from the CB chondrite Gujba were too small to isolate following the 2495 
methods described above and were crushed in order to isolate Fe-Ni metal, then sieved 2496 
and individual metal grains were picked under a binocular microscope. 2497 
The Fe-Ni metal from the meteorites was then acid washed with 4 mL of 3.5 M HNO3 2498 
for ca. 1 min, and then washed three times with >18.2 MΩ water as outlined in Figure 2499 
A1-1.  The samples were then treated with 1.5 mL of ~6 M HCl, and placed on a hot 2500 
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plate at 120 °C for ~ 5 min. The metal was further washed three times with >18.2 MΩ 2501 
grade water. A mixture of 2/3 concentrated HNO3: 1/3 concentrated HCl was then used 2502 
to digest the acid-washed Fe-Ni metal. In order to ensure the removal of any silicon from 2503 
silicate inclusions in the metal before chemistry, 1 mL of concentrated Seastar™ HF acid, 2504 
mixed with 4 drops of concentrated HNO3 was added to the residues and left overnight 2505 
on a hotplate at 120 °C and then evaporated. The residues were then converted to 2506 
chloride by evaporating 1 mL of concentrated HCl, and brought into solution with 6 M 2507 
HCl in preparation for column chemistry. The resulting solution was centrifuged (1300 2508 
rpm for 2 min) to ensure a solid-free supernatant prior to aliquoting into two parts for 2509 
Fe/Ni ratio measurements by ICP-MS and for chemical separation of Ni for isotopic 2510 
analysis. 2511 
Six metal grains of Gujba chondrite weighing 12.6 mg were placed in a clean 3 mL screw 2512 
cap SavillexTM beaker, treated with 20 drops of concentrated HF, and then placed onto a 2513 
hotplate overnight to ensure the removal of any silicates. 2514 
2515 
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A1.2 CHEMICAL SEPARATION OF NI 2515 
 2516 
Figure A1-1. Schematic of the techniques developed and used in this thesis for the chemical separation of Ni 2517 
from matrix elements of the meteoritic Fe-Ni metal. The flow diagram outlines how the Fe-Ni metal is isolated 2518 
from the meteoritic material and prepared for chemistry, and then the three different chemical methods utilised 2519 
for Ni isolation. 2520 
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The methods used to chemically seperate Ni from Fe-Ni metal of meteorites differ 2521 
somewhat in recently published Ni isotopic studies. Three chemical methods have been 2522 
modified/developed and used in this thesis to isolate Ni (Figure A1-1). Most meteoritic 2523 
samples have been processed through all three separate chemistries in order to determine 2524 
the most efficient method for Ni separation and the level of reproducibilty of each 2525 
technique. 2526 
A1.2.1 TEVA spec separation chemistry 2527 
RESIN CLEANING 2528 
This chemical procedure was carried out following the method developed in Bizzarro et 2529 
al. (2007). Eichrom TEVA Spec resin (50-100 µm particle size) was cleaned before 2530 
loading onto 30 mL Bio-Rad columns using alternate >18.2 MΩ grade water and 1 M 2531 
HCl and 6 M HCl washes and finally using a wash of concentrated HCL followed by 2532 
>18.2 MΩ grade water. Bio-Rad columns (30 mL reservoir size) were packed with 3 mL 2533 
of the Teva spec resin (as shown in Figure A1-2) and washed sequentially with >18.2 MΩ 2534 
grade water (x4), a half-column load of concentrated HCl, >18.2 MΩ grade water (x3), a 2535 
half-column load of 6 M HCl and >18.2 MΩ grade water (x3). The column was then 2536 
conditioned with a half-column load of 6 M HCl prior to loading the samples. For both 2537 
TEVA and anion chemistries, 0.01 g of sample was loaded.   2538 
COLUMN CALIBRATION 2539 
500 µg of Aristar Ni standard was dried down in a 7 mL screw cap SavillexTM beaker. Two 2540 
30 mL Bio-Rad columns packed with 3 mL of Eichrom Teva spec resin were cleaned with 2541 
6 M HCl and 4 washes of >18.2 MΩ grade water. The column used for the 6 M HCl 2542 
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calibration was conditioned with 6 M HCl, while the column used for the concentrated 2543 
HCl calibration was conditioned with concentrated HCl. The Aristar Ni standard was 2544 
converted to chloride form by evaporating concentrated HCl.  2545 
 2546 
Figure A1-2. Schematic of columns used in chromatographic chemistry in this study. The Ni-spec 2547 
chemistry uses disposable pipettes with a reservoir size of 4 mL packed with 3 mL of Eichrom Ni resin. 2548 
Both the Teva and Anion chemistries use 30 mL Bio-Rad columns. For TEVA chemistry, Bio-Rad columns 2549 
are packed with 3 mL of Eichrom TEVA spec resin and for anion chemistry, 2 mL of Bio-Rad AG 1X4 2550 
anion resin are packed into Bio-Rad columns. 2551 
6 M HCl calibration 2552 
The Aristar Ni standard was brought into solution with 1 mL of 6 M HCl (1.099 g/cm3). 2553 
500 µg of this 6 M HCl solution was loaded and collected on the 6 M HCl Teva spec 2554 
column. 6.5 mL of 6 M HCl was then eluted 1 mL at a time and collected in separate 1 2555 
mL aliquots.  2556 
Concentrated HCl calibration 2557 
The remaining 500 µg of the 6 M HCl Ni standard was dried down and brought into 2558 
solution with concentrated HCl, and loaded and collected on the concentrated Teva spec 2559 
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column. 4.5 mL of concentrated HCl was eluted 1 mL at a time and collected in separate 2560 
aliquots. The separate Ni aliquots from both columns were dried down and treated with 2561 
3-5 drops (0.1 mL) of concentrated HNO3 and evaporated. This process was repeated 2562 
three times, ensuring the complete oxidisation of any organic material that may have been 2563 
released from the resin. These cuts were then treated with a 50:50 mix of concentrated 2564 
HNO3 and concentrated HCl to ensure the complete removal of any organic matter from 2565 
the Ni cut. The cuts were then converted back into nitrate form by evaporation of 0.1 mL 2566 
of concentrated HNO3 three times, in preparation for taking into solution in 2.5% HNO3 2567 
for ICPMS analysis. Analysis of the cuts was carried out on an ICPMS using an Agilent 2568 
7500CS ICPMS operated with hydrogen in a collision cell, and the elution curves are 2569 
presented in Figure A1-3. The concentration of Ni in each Ni cut was analysed at an 2570 
1:1000 dilution, with a 1 ppb standard. As shown in Figure A1-3, after the elution of 4.5 2571 
mL of both 6 M HCl and concentrated HCl, > 99% of Ni has been collected.  2572 
 2573 
Figure A1-3. Elution curves for the calibration of TEVA columns calibrated with 6 M HCl and concentrated 2574 
HCl. 6.5 mL of 6 M HCl and 4.5 mL of concentrated HCl were eluted and collected in separate 1 mL 2575 
aliquots and measured on the ICP-MS. The resulting elution curves are presented above. As shown, > 2576 
99% of Ni was collected after 4.5 mL of both 6 M and concentrated HCl was eluted. 2577 
 2578 
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FIRST NI SEPARATION STEP  2579 
The column and resin were conditioned with ~15 mL of 6 M HCl. The sample, which 2580 
was brought into solution in 0.5 mL of 6 M HCl, was loaded onto the column, and the Ni 2581 
was collected in the loading fraction. A further 4.5 mL of 6 M HCl was eluted and 2582 
collected in the same loading fraction. The Ni cut was then dried down on a hot plate 2583 
overnight at 125°C, treated with 10 drops of concentrated HNO3 and then evaporated. 2584 
This step, which was repeated twice, ensures the removal of any resin (organic matter). 2585 
The Ni cut was brought into solution on a hot plate overnight at 110 °C with 0.5 mL of 2586 
concentrated HCl.   2587 
SECOND NI SEPARATION STEP  2588 
The column and resin was washed with >18.2 MΩ grade water before the second step of 2589 
Teva chemistry in order to remove any Fe or Co retained from the first step of Ni 2590 
separation. The column was then conditioned with 5 mL of concentrated HCl. The 0.5 2591 
mL of Ni in concentrated HCl from the first step was then loaded onto the column, and 2592 
collected, followed by a further 4.5 mL of concentrated HCl. The Ni cut was then treated 2593 
as described above for column calibration in preparation for analysis on the MC-ICPMS. 2594 
This chemistry effectively separates Ni from major constituents in the Fe-Ni metal like Fe 2595 
and Co.  However, this chemistry results in small but significant amounts of P from the 2596 
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A1.2.2 Anion separation chemistry 2601 
RESIN CLEANING 2602 
This chemical procedure was carried out following a procedure modified after Quitté & 2603 
Oberli (2006). Bio-Rad AG 1X4 anion resin (200-400 mesh size) was cleaned by the same 2604 
method described above for Teva spec resin. Bio-Rad columns (30 mL reservoir size) 2605 
were packed with 2 mL of AG 1X4 anion resin (Figure A1-2) and washed and 2606 
conditioned as above. Columns were calibrated as previously described for the TEVA 2607 
spec chemistry. 2608 
FIRST NI SEPARATION STEP 2609 
The column and resin were conditioned with ~ 15 mL of 6 M HCl and then the sample, 2610 
which had been brought into solution in 0.5 mL of 6 M HCl, was loaded onto the 2611 
column. The Ni was collected in the loading fraction. This step was followed by the 2612 
elution and collection of a further 3 mL of 6 M HCl. The Ni cut was then dried down on 2613 
the hotplate overnight at 125°C. The Ni was next treated with 1 mL of concentrated 2614 
HNO3, and evaporated, after which 1 mL of a 50:50 mix of concentrated HNO3 and 2615 
concentrated HCl was added. This was left overnight on the hotplate in order to 2616 
thoroughly oxidise any organic material that may have been released from the resin. The 2617 
sample was then brought into solution in 0.5 mL of concentrated HCl. The columns and 2618 
resin were washed with >18.2 MΩ grade water prior to the second step of chemistry, in 2619 
order to remove Fe retained on the column in 6 M HCl. 2620 
 2621 
 2622 
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SECOND NI SEPARATION STEP 2623 
The column and resin were then pre-treated with 5 mL of concentrated HCl. The Ni cut 2624 
from the first step is then loaded onto the column, and collected with the loading fraction, 2625 
followed by the elution and collection of a further 3 mL of concentrated HCl. The Ni cut 2626 
was then dried down and treated in the same manner as described after the second step of 2627 
the Teva chemistry. 2628 
A1.2.3 Ni specific chemistry  (DMG) separation method 2629 
RESIN CLEANING 2630 
This chemical procedure was carried out following a procedure modified after Quitté & 2631 
Oberli (2006). Eichrom Ni-spec resin (100-150 µm particle size) was cleaned with several 2632 
washes of >18.2 MΩ grade water. Columns made from 1 mL disposable pipettes with a 2633 
reservoir of 4 mL were packed with 3 mL of Eichrom Ni spec resin (Figure A1-2). 2634 
Columns were washed three times with >18.2 MΩ grade water and then conditioned with 2635 
6 mL of 0.2 M NH4OH.  2636 
FIRST NI SEPARATION STEP 2637 
The first step of this chemistry involves the processing of samples through the two-step 2638 
anion chemistry as outlined in A1.2.2 to remove Fe.  2639 
SECOND NI SEPARARATION STEP  2640 
The Ni cut from the anion chemistry was brought into solution with a mixture of 1 mL of 2641 
0.1 M HCl, 2.5 mL of >18.2 MΩ grade water and 0.5 mL of 1 M NH4OH, and loaded 2642 
onto the Ni specific column, where Ni forms a complex with dimethylglyoxime (DMG), 2643 
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and other elements, such as Mg, are passed through the column by eluting 4 cv of 0.2 M 2644 
NH4OH, which is discarded. Ni is then stripped from the column and collected with 4 cv 2645 
of  3 M HNO3 (which breaks down the DMG-Ni complex).  2646 
A1.2.4 Evaluation of Ni separation chemistries 2647 
The anion chemistry is fast and adequately separates Fe from Ni. It does not however 2648 
separate minor elements that may interfere in the Ni mass range such as P and Co. The 2649 
Teva spec chemistry is also relatively fast and separates not only Fe, but also Co from the 2650 
Fe-Ni metal. The Ni spec chemistry is the most time-consuming separation method and it 2651 
provides the best chemical separation of Ni, although preliminary removal of Fe must be 2652 
performed (anion chemistry) as Fe is eluted with Ni. Table A1-1 shows the typical 2653 
contaminant levels in Ni cuts after the three different chemical separation methods. The 2654 
Ni spec (DMG) chemical method gives the best separation of P and Cr, while the anion 2655 
chemistry provides the best separation of Fe. The fact that the DMG chemistry does not 2656 
separate Fe as well as the anion chemistry is an interesting result, as this chemistry uses Ni 2657 
already processed through anion chemistry. This could perhaps be explained by an Fe 2658 
blank related to the Ni spec DMG resin or to one of the chemicals used in the Ni spec 2659 
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Table A1-1. Typical contaminant levels (in Volts) after the three different Ni separation chemistries for three 2665 
meteorites of varying 56Fe/58Ni ratios (Chinga 7.3, Gujba 19.4 and Sikhote Alin 23.2). 2666 
 2667 
A1.3 NI ISOTOPE MEASUREMENTS BY MC-ICPMS 2668 
Ni isotope ratios were measured on a Nu Plasma MC-ICPMS at Victoria University of 2669 
Wellington.  The Faraday collector used to measure 58Ni is equipped with a 1010 Ohm 2670 
resistor that allows larger 61 and 62 ion beams (0.43 V and 1.36 V respectively, compared 2671 
to the 60 ion beam of < 10 V) to be measured during analysis.  Ni solutions (typically 3 2672 
ppm) are introduced into the plasma via a DSN-100 desolvating nebuliser. The instrument  2673 
sensitivity is lowered in order to reduce potential gas based interferences such as 40Ar18O+ 2674 
by closing source slits and reducing the pumping capacity of the transfer chamber. 2675 
Each measurement comprises 2 x 5 min of baseline acquisition and 2 x 10 min of data 2676 
acquisition.  Samples are bracketed by analyses of standards and data are reported in the δ 2677 
(stable isotope data) or ε notation (where 
! 
" = [(Rspl /Rstd) #1]•103  and 2678 
! 
" = [(Rspl /Rstd) #1]•104 ). Uncertainties on each analysis are calculated by quadratically 2679 
incorporating those on the sample run with those from the bracketing standards.  2680 
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))]  2681 
Our preferred normalisation scheme uses the 61Ni/58Ni ratio (= 0.0167443) to correct for 2682 
instrumental mass bias, although all other possible correction schemes (using 60Ni/58Ni  2683 
and 62Ni/58Ni to normalise) are monitored to assess data integrity 62Ni/58Ni = 2684 
0.053388153 and 60Ni/58Ni = 0.8351982). The exponential fractionation correction law is 2685 

























. Using this 2687 
approach, single Ni isotope analyses have uncertainties (2 se) on mass-bias-corrected ε60Ni 2688 
and ε62Ni that are typically ≤ ±0.14 ε (ε = 0.01%) and ≤ ±0.27 ε, respectively.  Multiple 2689 
analysis (n > 10) of samples results in uncertainties on 61Ni/58Ni mass-bias-corrected ε60Ni 2690 
and ε 61Ni  that are < ±0.05 ε and < ±0.10 ε, respectively (Figure 3-1). Uncertainties (2 se) 2691 
on 62Ni/58Ni mass-bias-corrected ε60Ni and ε 61Ni are also ≤ ±0.05 ε and ≤ ±0.10 ε, 2692 
respectively. Typical mass-bias-corrected Ni isotope ratios during part of an analytical 2693 
session are shown in Table A1-2. 2694 
Table A1-2. Mass-bias-corrected Ni isotope ratios during part of an analytical session (column processed 2695 
Aristar Ni standard bracketed by Aristar Ni standard). 2696 
 2697 
 2698 
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A1.4 MEASUREMENT OF FE/NI RATIOS BY ICPMS 2699 
56Fe/58Ni ratios of the meteorite metal were determined by solution ICP-MS using an 2700 
Agilent 7500CS ICP-MS operated with hydrogen in a collision cell to reduce polyatomic 2701 
interferences on Fe and Ni isotopes. Aliquots of meteorite metal (10 µL) previously 2702 
digested for the chemical separation step were evaporated with concentrated HNO3, and 2703 
then brought into solution in 2 mL 0.5% HNO3. These were then bracketed with analyses 2704 
of a 10:1 Fe/Ni Aristar standard solution diluted to a ~ 3ppb Fe solution.  Standard 2705 
measurements bracketed four sample measurements (each measurement being 180 s long) 2706 
followed by 120 s of washout and 180 s of blank measurement. 56Fe/58Ni ratios 2707 
determined are presented in Figure A1-4, and compared to 56Fe/58Ni ratios measured for 2708 
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Figure A1-4. 56Fe/58Ni ratios measured for the meteorites in this study by solution ICP-MS are in close 2715 
agreement (in some cases identical) with other studies. The 56Fe/58Ni of meteorites in this study (black 2716 
symbols) are compared to recently published 56Fe/58Ni ratios of the same meteorite (outlined symbols) or 2717 
where no direct comparison is available, 56Fe/58Ni ratios from meteorites of the same group (grey 2718 
symbols). The IVBs, IVAs, IIIABs and IIABs show a high level of agreement between published ratios. The 2719 
56Fe/58Ni ratios measured for the two IABs show less agreement with other studies, possibly due to 2720 
silicate inclusions. Comparative 56Fe/58Ni data were taken from literature cited in the figure. 2721 
 2722 
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A1.5 ANALYTICAL TESTS 2723 
A1.5.1 Isotopic analysis of different Ni standards 2724 
NIST SRM 986 Ni metal standard powder was brought into solution by dissolving 100 2725 
mg of powder with 5 mL of 2.5% HNO3 in a screw cap Savillex
TM beaker, and then 2726 
gradually adding ~ 0.1 mL of concentrated HNO3. This beaker was topped up to 23 mL 2727 
with > 18.2 MΩ grade water and left on a hotplate at 120°C for several hours. A 5 mL 2728 
fraction of this was then evaporated to dryness, and brought into solution in 2 mL of 2729 
2.5% HNO3 and then diluted as necessary to carry out analyses on the MC-ICPMS. 2730 
In order to test analytical reproducibility and accuracy, a number of Ni standards were 2731 
subjected to MC-ICPMS Ni isotope analysis. Aristar Ni standard was measured against 2732 
the Alfa Aesar standard used by Bizzarro et al. (2007) and also against the NIST SRM 986 2733 
Ni standard. Mass dependent fractionation of isotopes can occur either through 2734 
equilibrium or kinetic processes, however, MC-ICPMS techniques correct for kinetic 2735 
processes. To assess the effects of potential equilibrium stable isotopic fractionation on 2736 
the mass biased corrected ε60Ni and ε62Ni, one has to quantify the difference between 2737 
pure equilibrium and kinetic mass fractionation on measured Ni isotopic ratios (outlined 2738 
in Section 3.4.2).  2739 
For  MC-ICPMS analysis, solutions of NIST SRMS 986 or Alfa Ni standard were made to 2740 
3 ppm and bracketed using Aristar Ni standard, then run at least 9 times (and vice versa 2741 
for Aristar Ni bracketed by NIST SRMS 986). No significant difference was found 2742 
between the standards. The Alfa Ni standard (used by Bizzarro et al. (2007)), showed a 0.5 2743 
‰ offset to lighter Ni compared with the Aristar Ni standard. The calculated effects of 2744 
equilibrium stable isotopic fractionation (assuming 1 ‰ fractionation on 61Ni/58Ni) on 2745 
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ε60Ni and ε62Ni measurements, are an offset of +0.06 ‰ on ε60Ni measurements and 2746 
+0.08 ‰ on ε62Ni measurements when 61Ni/58Ni is used to correct for instrumental mass 2747 
bias. When 62Ni/58Ni is used as the normalisation scheme, the offset on ε60Ni 2748 
measurements is approximately doubled (+0.11 ‰).  2749 
A1.5.2  Investigation of potenial isobaric interferences on Ni 2750 
isotope measurements 2751 
In order to test potential isobaric interferences or matrix effects that might compromise 2752 
high precision Ni isotope measurements, a series of doping tests were carried out. Eleven 2753 
elements were tested for possible interferences with Ni (Na, Mg, Al, P, Ca, Ti, Cr, Mn, 2754 
Co, Cd, Sn).  2755 
 2756 
Figure A1-5. ε60Ni and ε62Ni values of Aristar Ni standard doped with 2 wt. % (Na, Mg, Al, Ca, Ti, Mn, Cd, 2757 
Sn). The Aristar Ni standard shows only small variations in ε60Ni and ε62Ni (< ± 0.10 ε) as a result of the 2758 
addition of contaminating elements. After chemistry the analysed Fe-Ni metal samples all have much lower 2759 
levels of contaminating elements than in these contamination tests.  2760 
Solutions of Aristar Ni standard prepared at the 2 wt. % level (on an element/Ni weight 2761 
basis) for the majority of these elements. As P and Cr were already identified as potential 2762 
intereference on 62Ni (e.g. 31P2
+ and 50Cr12C) Aristar Ni stadard solutions for these 2763 
elements were prepared at the 5 wt. % level. Co was also investigated at the 5 wt. % level. 2764 
These solutions were then evaporated, and treated with 3 drops of concentrated HNO3 2765 
three times, ensuring proper mixing and oxidation. To prevent loss through precipitation, 2766 
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element doping samples were brought into solution with 1 mL of 2.5% HNO3 2767 
immediately prior to analysis. The results of these tests are presented in Figure A1-5 and 2768 
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Table A1-3. Ni isotope data (reported in either ε or δ notation) and assigned error for 61Ni/58Ni, 62Ni/58Ni 2784 
and 60Ni/58Ni normalisation schemes and stable isotope data for element-spiked Aristar Ni standards. 2785 
Elements that pose potential isobaric interferences on the Ni mass range were investigated at either the 2 2786 
wt. % or 5 wt. % level (shown in shaded fields). 2787 
2788 
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Appendix 2 2789 
Sample information 2790 
 2791 
The main group pallasite Esquel (photo credit: Arizona skies meteorites, see Appendix 4) 2792 
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Appendix Two 2793 
A2. Sample information  2794 
Samples of chondrites, pallasites (PMG) and iron meteorites were obtained either from 2795 
meteorite suppliers or from Associate Professor Martin Bizzarro, Geological Museum, 2796 
University of Copenhagen. The analysed meteorites were chosen to include a variety of 2797 
meteoritic groups and ages (as indicated from Hf-W studies e.g. (Markowski et al., 2798 
2006a)). Meteorites are classified according to several parameters (Table 1-1) as discussed 2799 
in Section 1.1.2. This study involves the analysis of Fe-Ni metal from meteorites, which 2800 
are described in more detail below. Table A2-1 outlines information on the meteorites 2801 
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Figure A2-1. Plain light photographs of iron and chondrite meteorites analysed in this study. 2807 
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Table A2-1. Information on meteorites studied in this thesis including age (calculated from using Hf-W 2808 
systematics, 207Pb-206Pb ages and 187Re-187Os ages), cosmic ray exposure age, Fe/Ni ratio, and oxygen 2809 
isotope, olivine and metal composition. Data is taken from literature referenced in the table. (Vilcsek and 2810 
Wanke, 1961; Schaeffer, 1962; Buseck and Goldstein, 1969; Wasson, 1969 and 1970; Schaudy et al., 2811 
1972; Scott and Wasson, 1976; Scott, 1978; Voshage and Feldmann, 1979; Wasson and Ouyang, 1990; 2812 
Clayton and Mayeda, 1996; Masarik, 1997; Shen et al., 1998; Maruoka and Matsuda, 2001; Chen et al., 2813 
2002; Bondar and Perelygin, 2003; Campbell and Humayun, 2005). 2814 
 2815 
 2816 
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A2.1 CHONDRITES 2817 
GUJBA  2818 
Two separate samples of Gujba were analysed in this study. The first sample of Gujba 2819 
used in this study was obtained from the Geological Museum, University of Copenhagen. 2820 
50-100 mg of material was digested. The second piece of Gujba, as pictured in Figure 2821 
A2-1, was purchased from Arizona Skies Meteorites (see Appendix 4). The complete 2822 
individual weighed 2.2 g of which 0.0575 g was digested and analysed.  2823 
Gujba is a primitive chondrite containing metal and silicate chondrules as well as CAIs, 2824 
and is classified as a CB chondrite (C, carbonaceous; B, bencubbinite) due to its oxygen 2825 
isotopes and petrology (Weisberg et al., 2001; and 2002). It is the only known CB 2826 
chondrite fall (in Yobe, Nigeria in 1984) and has been used by Weisberg et al. (2002) to 2827 
address the debate on the origin of CB chondrites i.e. whether they were  condensates of 2828 
nebula material formed in a solar atmosphere (Weisberg et al., 2001) or the result of 2829 
planetesimal impacts (Wasson and Kallemeyn, 1990).  2830 
Gujba’s constituents provide an insight into this origin. The metal chondrules vary in their 2831 
Ni content (Table A2-1) and show no signs of diffusion, indicating condensation with 2832 
little thermal metamorphism (Weisberg et al. 2001). A CAI was found within a Gujba 2833 
sample by Weisberg et al. (2001), providing support for the theory of a primitive origin for 2834 
this meteorite and its group. The possible origins include both nebular (Campbell et al., 2835 
2001; Krot et al., 2001; Petaev et al., 2001) and astroidal models (Campbell et al., 2002; 2836 
Rubin et al., 2003). It has been proposed that CB chondrules condensed from liquid 2837 
droplets and Fe-Ni metal grains condensed following a highly energetic thermal event that 2838 
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resulted in the evaporation of the dusty nebula. Asteroidal metal models for the origin of 2839 
CB chondrites state that gas-liquid condensation/evaporation occurred in a cloud 2840 
resulting from proto-planetary impact. From the study of mineralogy, petrology and 207Pb- 2841 
206Pb ages of the CB chondrites Gujba (4562.7 ± 0.7 My ago) and Hammadah al Hamra 2842 
237, Krot et al. (2005) propose an alternative mechanism for their origin that is 2843 
inconsistent with nebular models whereby CB chondrites and their constituents formed in 2844 
a vapour plume resulting from a giant impact between planetary embryos, with the 2845 
chondrules representing the melts produced by the collision. Conversely, Gounelle et al. 2846 
(2007) showed that the oxygen isotopic composition of CB CAIs is incompatible with 2847 
such a model and alternatively suggest that CB chondrites may have been the last formed 2848 
group in a proto-planetary disk, as the differences between CB and normal chondrites 2849 
could be explained through spatial/temporal variations within the disk. 2850 
A2.2  PALLASITES 2851 
Pallasites are largely composed of silicate, metal and troilite (FeS) (Massalski and Park, 2852 
1964). Pallasite meteorites are classified into three groups – main group, Eagle-Station and 2853 
pyroxene-pallasites. The pallasites studied in this thesis are all classified as main group 2854 
pallasites (PMG). 2855 
Pallasites are unusual in that low-P olivine and high-P molten metal are found in 2856 
association. Explanations as to why these two phases are found in co-existence have been 2857 
investigated (Desrousseaux et al., 1997). For example, Fish et al. (1960) proposed that the 2858 
setting of pallasite formation was in a metallic and silicate area, thought to be the core- 2859 
mantle boundary of the parent bodies (Quitte et al., 2005).  2860 
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Genetic links have been established between pallasites and iron meteorites, both of which 2861 
have subchondritic Fe/Ni ratios. It is thought that IIIAB irons and pallasites share a 2862 
common parent body, due to similar oxygen isotope signatures as well as to their 2863 
composition on element-Au diagrams, where pallasites plot as evolved members of 2864 
IIIABs (Wasson et al., 1999; Wasson and Choi, 2003). As pallasites originate through the 2865 
mixing of metal melt and olivine, thought to represent the core-mantle interface of 2866 
planetary bodies (Scott and Wasson, 1976), the possibility of an iron meteorite originating 2867 
from unmixed metal of the same parent body is very likely, and a genetic link between 2868 
PMGs and IIIAB irons was suggested early on (Scott and Wasson, 1976).  After neutron- 2869 
activation analysis of PMGs and IIIAB irons, Wasson and Choi (2003) suggested the 2870 
PMG formed in highly energetic events, where mantle olivine was crushed and 2871 
subsequently mixed with an evolved IIIAB residual melt from the core.  2872 
High-precision oxygen isotope analysis of both mesosiderites and PMGs by Greenwood 2873 
et al. (2006) demonstrated that these two groups originate from distinct sources. The 2874 
average ∆17O value of mesosiderites is identical to that of the howardite-eucrite-diogenite 2875 
clan (HED) indicating a common origin on the asteroid 4 Vesta. The PMGs have an 2876 
unique ∆ 17O value and therefore must have a separate origin to mesosiderites 2877 
(Greenwood et al., 2006). 2878 
Quitté et al. (2005) used the Hf-W system to study the time of metal-silicate 2879 
differentiation of meteorites parent bodies, as Hf is lithophile and W is siderophile, and 2880 
Hf decays to W with a half life of 9 Myr (Kleine et al., 2002). Quitté et al. (2005) analysed 2881 
the W isotopes of metal from pallasites and other stony-irons and found that all stony- 2882 
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irons are depleted in 182W compared to the terrestrial standard. This gives detailed 2883 
chronological information on the timing of metal segregation.  2884 
BRENHAM  2885 
The sample of Brenham was obtained from the Geological Museum, University of 2886 
Copenhagen and 50-100 mg of material was digested. This meteorite was found in the 2887 
United States of America in 1882. Brenham is known for its very rounded drop-like 2888 
olivine crystals (Wahl, 1965). Desrousseaux et al. (1997) analysed pallasites including 2889 
Brenham and Esquel using electron microscopy. They noted that the olivine crystals only 2890 
record moderate shock levels, and therefore the meteorite must have originally been 2891 
located very deep in the parent body to be sheltered from the collision, which fragmented 2892 
the body.  2893 
ESQUEL  2894 
A piece of Esquel metal was supplied from the Geological Museum, University of 2895 
Copenhagen. 50-100 mg of the Esquel cut was digested. Ni previously separated from 2896 
Esquel was also supplied from the Geological Museum, University of Copenhagen. This 2897 
meteorite was found in Esquel, Chubut Province, Argentina before 1951.  2898 
A2.3  IRON METEORITES 2899 
Iron meteorites are widely considered to represent samples of small planetesimal cores 2900 
and therefore they are the best opportunity to study samples similar to the Earth’s core. 2901 
From analysis of silicate inclusions within some iron meteorites, Wasserburg et al. (1968) 2902 
concluded that some iron meteorites do not in fact represent cores of small planetesimals, 2903 
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and instead represent molten plumes of iron metal, which cooled in a silicate matrix e.g. 2904 
Colomera and Canyon Diablo. These meteorites must still have been buried deeply within 2905 
these bodies to develop the characteristic cooling lamellae (Widmanstatten texture), but 2906 
possibly not as deep as the core (Wasserburg et al., 1968). 2907 
Iron meteorites are classified into groups using both structural and chemical parameters.  2908 
Early classification schemes were developed by Goldberg et al. (1957) and Lovering et al. 2909 
(1957) separating irons into groups depending on their elemental concentrations and 2910 
structures. There are 13 distinct chemical groupings into which the iron meteorites fall, 2911 
some of which have been studied here and are described in detail below. Structural groups 2912 
are divided according to the type of textures and structures apparent on a polished and 2913 
etched piece of iron meteorite. These groupings include hexahedrites, ataxites and the 2914 
octahedrites (those with kamacite (Fe-Ni) lamellae) (Buchwald, 1975 as cited in Haack and 2915 
McCoy, 2007). Octahedrites are further subdivided according to the width of the lamellae 2916 
(which represents cooling time) into fine, medium and coarse lamellae groups (Buchwald, 2917 
1975 as cited in Haack and McCoy, 2007).  2918 
It is thought that the structural and chemical classification of iron meteorites represents a 2919 
genetic relationship, and that each group originates from a separate parent body (Haack 2920 
and McCoy, 2007). This is supported by cosmic exposure ages, as individuals within these 2921 
groups tend to cluster around similar ages (Haack and McCoy, 2007). 2922 
Markowski et al. (2006a) measured the ε182W isotopic composition of a wide variety of 2923 
iron meteorites from several different chemical groups and calculated model ages relative 2924 
to the initial ε182W isotopic composition of CAIs (ε182W -3.47 ± 0.2). This allowed average 2925 
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ages for each group to be obtained, permitting a chronology of the parent bodies to be 2926 
established. 2927 
Most iron meteorite parent bodies follow similar and relatively straightforward history, 2928 
including condensation, oxidation, accretion, subsequent melting and segregation and 2929 
then, when temperatures get low enough, fractional crystallisation (Kelly and Larimer, 2930 
1977). There are some exceptions to this straightforward history such as the IVA, IVB 2931 
and IAB irons, which are discussed below. 2932 
As was discussed earlier in both Chapters 1 and 2, the depth of a sample within the 2933 
original body/meteorite is an important factor, as this effects the amount of shielding 2934 
from cosmic rays that the sample experiences (Markowski et al., 2006b). In this thesis, the 2935 
location of the samples within their original bodies are unknown, and this factor might 2936 
potentially explain discrepancies between these findings and other published data for the 2937 
same meteorites.  2938 
A2.3.1 IAB (non-magmatic irons) 2939 
The IAB group of meteorites is a relatively young group of irons, with a mean Δt for 2940 
metal segregation after CAI’s of 4.4 ± 3.3 My (Markowski et al., 2006a) (Table A2-1). 2941 
There is disagreement regarding the origin of IAB irons (Wasson and Kallemeyn, 2002). It 2942 
has been suggested that these irons were of non-magmatic origin, with melts generated by 2943 
impacts (Wasson et al., 1980).  The fractional crystallisation of a slowly cooling melt has 2944 
also been suggested as a potential origin (Benedix et al., 2000). Alternatively, trace element 2945 
analysis of IAB meteorites indicated formation of these meteorites occurred through a 2946 
fractional melting model, where molten metal continually segregates from the solid, and 2947 
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silicate inclusions in members of this group are explained by freezing during segregation 2948 
(Kelly and Larimer, 1977). 2949 
Wasson and Kallemeyn (2002) have re-evaluated the classification of IAB meteorites, 2950 
separating them into 6 groups – a IAB main group and 5 subgroups - on the basis of 2951 
element-Au diagrams (compared to the more traditional element-Ni diagrams). As 2952 
discussed in Chapter 2, the two IAB samples studied in this thesis are divided into 2953 
different categories when classified using Wasson & Kallemeyn’s (2002) IAB classification 2954 
scheme – Canyon Diablo falls into the main group IAB whereas Toluca falls into one of 2955 
the subgroups. Any discrepancies between these two specimens could possibly be 2956 
explained through this difference. 2957 
CANYON DIABLO 2958 
The sample of Canyon Diablo as pictured in Figure A2-1 was purchased from Aerolite 2959 
Meteorites in Arizona (see Appendix 4). The complete individual weighed 94.9 g, of 2960 
which 0.118 g was digested and studied. Canyon Diablo was found in Coconino, Arizona 2961 
and first discovered in 1891. Canyon Diablo has silicate inclusions, and is chemically 2962 
heterogeneous (Kelly and Larimer, 1977).  2963 
TOLUCA  2964 
The sample of Toluca as pictured in Figure A2-1 was purchased from Meteorite Market in 2965 
Alaska (see Appendix 4). The cut of Toluca weighed 30.9g, of which 0.491g was digested. 2966 
This meteorite was found in Xipquipico, Mexico in 1776. Toluca is structurally classified 2967 
as a coarse octahedrite, with bandwidth of 1.4 mm.  2968 
 2969 
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A2.3.2 IIICD 2970 
MUNDRABILLA 2971 
Ni previously separated from Mundrabilla was provided by the Geological Museum, 2972 
University of Copenhagen. This meteorite was found on the Nullarbor Plain, 26 km 2973 
northeast of the Mundrabilla siding on the Trans-Australian railway in 1979. 2974 
A2.3.3  IIB 2975 
SIKHOTE-ALIN 2976 
Sikhote Alin as pictured in Figure A2-1 was also purchased from the Meteorite Market 2977 
(see Appendix 4). The complete individual weighed 39.3 g of which 0.385 g was digested. 2978 
A second piece, weighing 0.351 g, was also digested and analysed. This was a meteorite fall 2979 
in the Sikhote-Alin Mountains, Russia in 1947. It is structurally classified as a coarse 2980 
octahedrite, with a Widmanstatten bandwidth of 9 mm.  2981 
A2.3.4  IIIAB 2982 
HENBURY 2983 
The sample of Henbury as pictured in Figure A2-1 was purchased from R. A. 2984 
Langheinrich Meteorites (see Appendix 4). This complete individual weighed 52.2 g, of 2985 
which 0.158 g of metal was digested. This meteorite was found in the Basedow Range, 2986 
Australia in 1931. 2987 
A2.3.5  IVA 2988 
The IVA irons have a similar history to that of the IIIAB irons, however the cooling rates 2989 
within members of the IVA group show a higher level of variation (7-200°C/Myr 2990 
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compared with 1.5-10°C/Myr) (Scott and Wasson, 1975). This indicates that if IVA irons 2991 
originated from fractional crystallisation of a single core in a planetary body, members 2992 
would have to be located at different depths to explain this cooling rate variation (Kelly 2993 
and Larimer, 1977). The chemical trends in this group, however, suggest that fractional 2994 
crystallisation did not occur in a single core, rather, in several distinct regions. This 2995 
supports the models proposed by Urey (1966) and Wasserburg et al. (1968), that some 2996 
iron meteorite groups formed as distinct segregations in a silicate matrix rather than in the 2997 
core of a planetesimal.  2998 
GIBEON 2999 
This sample was also purchased from the Meteorite Market (see Appendix 4). The slice as 3000 
pictured in Figure A2-1 weighed 12.3 g, of which 0.240 g was digested. A second piece 3001 
weighing 0.207 g was also digested and analysed. The fall was located in Gibeon, Namibia, 3002 
and was found in 1836. This meteorite is structurally classified as a fine octahedrite, with 3003 
Widmanstatten bands the width of 0.3 mm.  3004 
A2.3.6  IVB 3005 
These meteorites have the lowest level of volatiles of any iron meteorite group (Haack and 3006 
McCoy, 2007). The composition of metal from this group shows evidence for accretion at 3007 
very high temperatures (Kelly and Larimer, 1977). These meteorites have the lowest 3008 
Fe/Ni ratios of the various classes of meteorites (Regelous et al., 2008). 3009 
CHINGA 3010 
A metal slice of Chinga as pictured in Figure A2-1 was purchased online from the 3011 
Meteorite Market (see Appendix 4) and weighs 85.8 g, of which 0.573 g was digested. This 3012 
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meteorite was found in 1913, in Tuvinskaya, Russia and is classified as an ataxite (Ni-rich 3013 
iron meteorite) due to its high Ni content (16.38 %).  3014 
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MC-ICPMS data 2 
 3 
The Crab nebula – a SN remnant (photo credit: NASA, ESA, J. Hester and A. Loll)  4 
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Appendix Three 5 
A3. MC-ICPMS data 6 
This Appendix includes two tables. Table A3-0 is a summarising table of the samples 7 
analysed in this thesis. Ni isotope data normalised to both 61Ni/58Ni and 62Ni/58Ni is 8 
presented. Average values for each meteorite /Ni standard normalised to NIST SRM 986 9 
Ni standard, is presented in dark grey shaded fields, and where applicable, averages for 10 
separate digestions are given in light grey shaded fields. Ni isotope measurements 11 
normalised to Aristar Ni standard are shown in italics (averages in bold, italics). 12 
Raw Ni isotope data is presented in Table A3-1, and the order in which the samples are 13 
presented is the same as in Table A3-0 (measurements for dopant tests not presented in 14 
Table A3-0 are located at the end of Table A3-1). A3-1 (a) indicates measurements 15 
processed through TEVA spec Ni chemistry, (b) Anion Ni chemistry and (c) Ni spec 16 
(DMG) chemistry. 17 
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Sample type Sample name Group   61Ni /58Ni NORMALISED  62Ni /58Ni  NORMALISED   STABLE ISOTOPES n 56Fe/58Ni
Terrestrial standards NIST  SRM 986a vs. Aristar 0.005 0.047 -0.002 0.096 0.039 0.036 0.020 0.069 -0.547 0.075 -0.367 0.051 17
Aristar vs. NIST  SRM 986 -0.053 0.031 0.107 0.103 -0.086 0.027 -0.080 0.078 0.332 0.432 0.215 0.287 10
ALFA AESARa vs. Aristar 0.004 0.044 0.042 0.088 -0.022 0.029 -0.032 0.067 -0.332 0.150 -0.225 0.100 12
Aristar Teva spec 0.050 0.049 0.007 0.082 0.053 0.050 -0.005 0.062 -0.625 0.174 -0.412 0.117 20
Aristar AG 1X4 -0.015 0.041 0.025 0.091 -0.025 0.025 -0.020 0.069 -0.421 0.128 -0.284 0.084 16
Aristar Eichrom Ni spec (1st chem) 0.067 0.066 0.029 0.128 0.069 0.085 -0.021 0.098 -0.963 0.100 -0.641 0.070 5
Aristar Eichrom Ni spec (2nd chem) -0.070 0.038 -0.071 0.092 0.006 0.033 0.054 0.068 -0.290 0.375 -0.209 0.261 5
Chondritic meteorites GUJBA VS. NIST SRM 986 CBa -0.205 0.038 0.184 0.082 -0.307 0.049 -0.139 0.062 0.579 0.164 0.368 0.108 24 19.4
GUJBA (1st digestion) -0.207 0.053 0.259 0.069 -0.345 0.057 -0.196 0.053 0.479 0.355 0.302 0.233 5
Biorad AG 1-X4 resin (1st digestion) -0.243 0.073 0.326 0.127 -0.408 0.037 -0.248 0.097 0.242 0.057 0.137 0.037 10
Eichrom Ni spec (1st digestion) -0.207 0.053 0.259 0.069 -0.345 0.057 -0.196 0.053 0.479 0.355 0.302 0.233 5
GUJBA (2nd digestion) -0.204 0.046 0.164 0.101 -0.297 0.059 -0.124 0.077 0.605 0.188 0.386 0.124 19
Eichrom Ni spec (2nd digestion 1st chem) -0.197 0.056 0.111 0.114 -0.266 0.072 -0.083 0.086 0.525 0.220 0.333 0.145 14
Eichrom Ni spec (2nd digestion 2nd chem) -0.223 0.084 0.314 0.162 -0.386 0.039 -0.237 0.123 0.831 0.306 0.533 0.209 5
GUJBA VS. Aristar -0.180 0.054 0.239 0.144 -0.344 0.043 -0.149 0.094 0.114 0.061 -0.199 0.670 8
Eichrom Teva spec (1st digestion) -0.180 0.054 0.239 0.144 -0.344 0.043 -0.149 0.094 0.114 0.061 -0.199 0.670 8
Iron meteorites CANYON DIABLO VS. NIST SRM 986 IAB 0.013 0.036 0.064 0.073 -0.014 0.037 -0.048 0.055 -0.258 0.127 -0.172 0.085 24 16.6
Eichrom Teva spec 0.031 0.030 0.097 0.106 -0.008 0.063 -0.074 0.081 -0.371 0.074 -0.246 0.052 14
Biorad AG 1-X4 resin -0.019 0.035 -0.099 0.062 0.000 0.030 0.074 0.047 -0.226 0.053 -0.152 0.037 18
Eichrom  Ni resin -0.012 0.074 0.018 0.091 -0.022 0.019 -0.013 0.069 -0.100 0.264 -0.069 0.174 10
TOLUCA VS. NIST SRM 986 IAB 0.001 0.034 0.138 0.088 -0.097 0.044 -0.114 0.061 0.254 0.248 0.172 0.167 20 16.2
Eichrom Teva spec -0.009 0.045 0.092 0.115 -0.099 0.066 -0.088 0.072 -0.126 0.081 -0.087 0.053 10
Biorad AG 1-X4 resin -0.022 0.042 0.119 0.099 -0.089 0.056 -0.090 0.075 0.054 0.083 0.033 0.054 11
Eichrom  Ni resin 0.011 0.054 0.183 0.132 -0.095 0.062 -0.140 0.100 0.634 0.354 0.432 0.236 10
SIKHOTE ALIN VS. NIST SRM 986 IIAB -0.047 0.033 0.010 0.063 -0.061 0.037 -0.007 0.048 0.291 0.208 0.187 0.140 30 23.2
SIKHOTE ALIN (1st digestion) -0.082 0.068 0.073 0.137 -0.135 0.082 -0.053 0.104 -0.132 0.151 -0.100 0.100 10
Eichrom Teva spec (1st digestion) -0.082 0.068 0.073 0.137 -0.135 0.082 -0.053 0.104 -0.132 0.151 -0.100 0.100 10
Biorad AG 1-X4 resin (1st digestion) -0.143 0.030 -0.079 0.089 -0.118 0.035 0.061 0.067 0.843 0.209 0.553 0.141 10
SIKHOTE ALIN (2nd digestion) -0.030 0.035 -0.022 0.064 0.017 0.049 0.877 1.612 0.502 0.256 0.331 0.173 20
Eichrom Teva spec (2nd digestion) -0.038 0.047 -0.047 0.081 -0.019 0.026 0.036 0.061 1.030 0.113 0.686 0.079 10
Biorad AG 1-X4 resin (2nd digestion) -0.073 0.037 -0.095 0.118 -0.024 0.049 0.071 0.089 0.839 0.148 0.555 0.101 10
Eichrom Ni spec (2nd digestion) -0.022 0.054 0.004 0.102 -0.029 0.043 -0.002 0.077 -0.026 0.128 -0.024 0.085 10
HENBURY  VS. NIST SRM 986 IIIAB -0.045 0.029 -0.030 0.065 -0.010 0.046 0.023 0.049 -0.114 0.114 -0.078 0.078 44 17.7
Eichrom Teva spec (1st chem) -0.109 0.063 -0.120 0.163 0.030 0.168 0.090 0.124 -0.030 0.192 -0.014 0.147 12
Eichrom Teva spec (2nd chem) -0.032 0.044 0.002 0.121 -0.028 0.023 -0.001 0.092 -0.317 0.038 -0.217 0.025 12
Biorad AG 1-X4 resin -0.180 0.097 -0.036 0.075 -0.151 0.093 0.029 0.057 -0.071 0.081 -0.062 0.051 10
Eichrom Ni spec (1st chem) -0.004 0.050 0.002 0.083 0.002 0.026 -0.001 0.062 -0.309 0.339 -0.210 0.226 10
Eichrom Ni spec (2nd chem) -0.023 0.052 0.008 0.127 -0.051 0.023 -0.004 0.095 0.223 0.084 0.146 0.053 10
MUNDRABILLA a VS. NIST SRM 986 IIICD -0.090 0.041 0.006 0.117 -0.088 0.026 -0.005 0.090 0.186 0.066 0.116 0.041 10 20.3
MUNDRABILLA a VS. Aristar Ni -0.005 0.032 -0.001 0.087 0.001 0.020 0.000 0.066 0.196 0.045 -0.001 0.087 16
GIBEON VS. NIST SRM 986 IVA -0.084 0.031 0.010 0.084 -0.087 0.041 -0.008 0.064 0.045 0.104 0.019 0.069 30 16.6
GIBEON (1st digestion) -0.099 0.031 0.078 0.077 -0.132 0.036 -0.059 0.059 0.165 0.121 0.098 0.081 18
Eichrom Teva spec (1st digestion) -0.107 0.047 0.122 0.066 -0.169 0.036 -0.092 0.050 0.246 0.114 0.154 0.077 10
Biorad AG 1-X4 resin (1st digestion) -0.202 0.075 -0.171 0.095 -0.116 0.086 0.055 0.171 -0.304 0.081 -0.224 0.048 8
Eichrom Ni spec (1st digestion) -0.090 0.042 0.023 0.150 -0.087 0.052 -0.018 0.115 0.064 0.221 0.028 0.146 8
GIBEON (2nd digestion) -0.060 0.060 -0.091 0.162 -0.018 0.071 0.070 0.123 -0.134 0.133 -0.099 0.090 12
Biorad AG 1-X4 resin (2nd digestion) -0.082 0.050 0.044 0.109 -0.097 0.061 -0.033 0.082 0.373 0.163 0.245 0.108 8
Eichrom Ni spec (2nd digestion) -0.060 0.060 -0.091 0.162 -0.018 0.071 0.070 0.123 -0.134 0.133 -0.099 0.090 12
CHINGA VS. NIST SRM 986 IVB -0.191 0.036 0.299 0.075 -0.346 0.035 -0.226 0.057 0.109 0.097 0.054 0.065 24 7.3
Eichrom Teva spec (1st chem) -0.190 0.068 0.208 0.089 -0.295 0.044 -0.156 0.068 0.028 0.050 0.002 0.031 10
Eichrom Teva spec (2nd chem) -0.199 0.052 0.411 0.122 0.322 0.109 0.199 0.068 -0.410 0.049 -0.310 0.092 10
Biorad AG 1-X4 resin -0.190 0.046 0.118 0.119 -0.242 0.041 -0.124 0.075 0.028 0.031 -0.002 0.019 10
Eichrom Ni spec -0.175 0.071 0.247 0.123 -0.314 0.036 -0.189 0.094 -0.224 0.089 -0.174 0.066 4
Pallasite meteorites BRENHAM vs. NIST SRM 986 MGP -0.074 0.050 -0.050 0.107 -0.043 0.060 0.038 0.081 -0.334 0.075 -0.236 0.048 10 12.0
Eichrom Teva spec -0.074 0.050 -0.050 0.107 -0.043 0.060 0.038 0.081 -0.334 0.075 -0.236 0.048 10
Biorad AG 1-X4 resin -0.051 0.053 -0.079 0.111 -0.001 0.025 0.059 0.084 -0.300 0.099 -0.205 0.063 13
BRENHAM vs. Aristar -0.044 0.033 -0.049 0.071 -0.033 0.025 0.042 0.055 0.178 0.164 0.116 0.099 17
Eichrom Teva spec -0.044 0.033 -0.049 0.071 -0.033 0.025 0.042 0.055 0.178 0.164 0.116 0.099 17
ESQUEL vs. NIST SRM 986 MGP -0.041 0.029 -0.052 0.066 -0.018 0.034 0.043 0.049 0.384 0.228 0.253 0.153 30 18.4
Eichrom Teva spec (2nd digestion) -0.071 0.043 -0.071 0.096 -0.027 0.045 0.065 0.069 0.606 0.127 0.402 0.085 10
Biorad AG 1-X4 resin (2nd digestion) -0.115 0.059 -0.146 0.071 -0.051 0.058 0.112 0.053 0.712 0.094 0.467 0.063 10
Eichrom Ni spec (Teva spec) (2nd digestion) -0.034 0.043 0.050 0.132 -0.065 0.064 -0.039 0.100 -0.189 0.112 -0.130 0.072 10
Eichrom Ni spec (Anion) (2nd digestion) -0.020 0.061 -0.137 0.082 0.037 0.049 0.103 0.063 0.736 0.501 0.486 0.339 10
ESQUEL VS. Aristar -0.037 0.033 -0.021 0.070 -0.022 0.022 0.017 0.053 0.126 0.064 0.093 0.042 25
Eichrom Teva speca -0.046 0.051 -0.038 0.104 -0.020 0.032 0.031 0.079 0.256 0.074 0.181 0.039 14
Eichrom Teva spec (1st digestion) -0.062 0.054 -0.036 0.138 -0.047 0.036 0.027 0.104 0.018 0.098 0.006 0.065
a Sample supplied from and reported in Bizzarro et al. (2007)
11
Table A3.0 Summary of Ni isotope measurements for samples analysed in this thesis
ε60Ni    ±2 se ε62Ni    ±2 se ε60Ni    ±2 se ε61Ni    ±2 se δ61Ni    ±2 se δ60Ni    ±2 se
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Table A3.1 (a) MC-ICPMS data for Alfa Aesar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Aristar Ni std 0.3851404 2.05E-06 10.6 5.338595E-02 4.44E-07 16.6
Alfa Aesar Ni std 0.3851358 2.11E-06 11.0 -0.042 0.153 5.338438E-02 4.81E-07 18.0 -0.145 0.249
Aristar Ni std 0.3851344 2.07E-06 10.7 -0.156 5.338436E-02 4.76E-07 17.8 -0.298
Alfa Aeasar Ni std 0.3851327 1.90E-06 9.9 -0.017 0.146 5.338362E-02 4.97E-07 18.6 -0.045 0.258
Aristar Ni std 0.3851323 2.07E-06 10.7 -0.055 5.338336E-02 4.79E-07 17.9 -0.187
Alfa Aeasr Ni std 0.3851305 1.88E-06 9.8 -0.039 0.147 5.338461E-02 4.91E-07 18.4 0.158 0.262
Aristar Ni std 0.3851317 2.14E-06 11.1 -0.016 5.338417E-02 5.15E-07 19.3 0.152
Sept 26th 2007
Aristar Ni std 0.3851651 1.77E-06 9.2 5.339142E-02 4.51E-07 16.9
Alfa Aeasr Ni std 0.3851694 1.84E-06 9.6 0.106 0.134 5.339216E-02 4.42E-07 16.6 0.071 0.234
Aristar Ni std 0.3851655 1.87E-06 9.7 0.010 5.339214E-02 4.35E-07 16.3 0.135
Alfa Aeasr Ni std 0.3851669 1.86E-06 9.7 0.082 0.132 5.339290E-02 4.55E-07 17.0 0.194 0.238
Aristar Ni std 0.3851620 1.59E-06 8.3 -0.091 5.339159E-02 4.54E-07 17.0 -0.103
Alfa Aeasr Ni std 0.3851630 1.93E-06 10.0 0.006 0.132 5.339184E-02 4.84E-07 18.1 0.011 0.253
Aristar Ni std 0.3851635 1.74E-06 9.0 0.039 5.339197E-02 4.86E-07 18.2 0.071
Alfa Aesar Ni std 0.3851631 1.72E-06 8.9 0.064 0.129 5.339231E-02 4.35E-07 16.3 0.258 0.239
Aristar Ni std 0.3851578 1.84E-06 9.6 -0.148 5.338990E-02 4.44E-07 16.6 -0.388
Aristar Ni std 0.3851646 1.76E-06 9.1 5.339220E-02 4.48E-07 16.8
Alfa Aeasr Ni std 0.3851599 1.95E-06 10.1 0.044 0.142 5.339134E-02 4.69E-07 17.6 0.165 0.248
Aristar Ni std 0.3851586 2.00E-06 10.4 0.021 5.339102E-02 4.90E-07 18.4 0.210
Alfa Aeasr Ni std 0.3851573 1.90E-06 9.9 -0.116 0.145 5.339034E-02 4.61E-07 17.3 -0.196 0.249
Aristar Ni std 0.3851649 2.09E-06 10.9 0.164 5.339175E-02 4.69E-07 17.6 0.137
Alfa Aeasr Ni std 0.3851643 1.74E-06 9.0 0.082 0.134 5.339045E-02 4.56E-07 17.1 0.004 0.244
Aristar Ni std 0.3851574 1.73E-06 9.0 -0.195 5.338911E-02 4.59E-07 17.2 -0.494
Alfa Aeasr Ni std 0.3851619 2.00E-06 10.4 0.009 0.145 5.339033E-02 4.63E-07 17.3 0.184 0.245
Aristar Ni std 0.3851657 2.14E-06 11.1 0.215 5.338959E-02 4.67E-07 17.5 0.090
Alfa Aesar Ni std 0.3851636 2.09E-06 10.9 -0.130 0.150 5.338957E-02 5.11E-07 19.1 -0.153 0.262
Aristar Ni std 0.3851715 1.82E-06 9.5 0.151 5.339118E-02 4.88E-07 18.3 0.298
mean 0.004 0.042
2 sd 0.153 0.307
2 se 0.044 0.088
n 12 12
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Alfa Aesar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se









Alfa Aesar Ni std
Aristar Ni std
Alfa Aeasar Ni std
Aristar Ni std




Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aesar Ni std
Aristar Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std






0.3851529 1.82E-06 9.5 1.674492E-02 1.05E-07 12.5
0.3851525 1.78E-06 9.2 0.006 0.134 1.674530E-02 1.14E-07 13.6 0.113 0.189
0.3851516 1.89E-06 9.8 -0.034 1.674530E-02 1.15E-07 13.7 0.227
0.3851515 1.80E-06 9.3 -0.027 0.138 1.674548E-02 1.18E-07 14.1 0.036 0.196
0.3851535 2.00E-06 10.4 0.049 1.674554E-02 1.14E-07 13.6 0.143
0.3851472 1.77E-06 9.2 -0.118 0.134 1.674524E-02 1.17E-07 14.0 -0.122 0.199
0.3851500 1.74E-06 9.0 -0.091 1.674535E-02 1.22E-07 14.6 -0.113
0.3851520 1.48E-06 7.7 1.674353E-02 1.07E-07 12.8
0.3851534 1.81E-06 9.4 0.047 0.120 1.674335E-02 1.05E-07 12.5 -0.054 0.177
0.3851512 1.40E-06 7.3 -0.021 1.674335E-02 1.03E-07 12.3 -0.108
0.3851511 1.26E-06 6.5 0.016 0.095 1.674317E-02 1.08E-07 12.9 -0.149 0.180
0.3851498 1.25E-06 6.5 -0.036 1.674349E-02 1.08E-07 12.9 0.084
0.3851493 1.49E-06 7.7 -0.025 0.107 1.674343E-02 1.15E-07 13.7 -0.006 0.191
0.3851507 1.59E-06 8.3 0.023 1.674339E-02 1.15E-07 13.7 -0.060
0.3851476 1.39E-06 7.2 -0.077 0.108 1.674332E-02 1.03E-07 12.3 -0.191 0.180
0.3851504 1.52E-06 7.9 -0.008 1.674389E-02 1.05E-07 12.5 0.299
0.3851499 1.50E-06 7.8 1.674334E-02 1.06E-07 12.7
0.3851488 1.82E-06 9.5 -0.013 0.129 1.674354E-02 1.11E-07 13.3 -0.128 0.187
0.3851482 1.86E-06 9.7 -0.057 1.674362E-02 1.16E-07 13.9 -0.161
0.3851491 1.57E-06 8.2 -0.023 0.125 1.674378E-02 1.09E-07 13.0 0.146 0.188
0.3851518 1.80E-06 9.3 0.093 1.674345E-02 1.11E-07 13.3 -0.102
0.3851545 1.44E-06 7.5 0.058 0.111 1.674375E-02 1.08E-07 12.9 -0.006 0.184
0.3851527 1.34E-06 7.0 0.023 1.674407E-02 1.09E-07 13.0 0.370
0.3851558 1.40E-06 7.3 -0.052 0.125 1.674378E-02 1.10E-07 13.1 -0.140 0.186
0.3851629 2.43E-06 12.6 0.265 1.674396E-02 1.11E-07 13.3 -0.066
0.3851589 1.65E-06 8.6 -0.058 0.137 1.674396E-02 1.21E-07 14.5 0.113 0.198
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Alfa Aesar Ni standard (bracketed with Aristar Ni standard) 








5.340075E-02 4.05E-07 15.2 1.674644E-02 1.14E-07 13.6
5.340037E-02 4.94E-07 18.5 -0.093 0.237 1.674616E-02 1.19E-07 14.2 -0.161 0.200
5.340098E-02 3.83E-07 14.3 0.043 1.674642E-02 1.21E-07 14.5 -0.012
5.340100E-02 3.45E-07 12.9 -0.031 0.187 1.674632E-02 1.21E-07 14.5 -0.128 0.197
5.340135E-02 3.41E-07 12.8 1.674665E-02 1.03E-07 12.3
5.340151E-02 4.07E-07 15.2 0.053 0.211 1.674658E-02 1.25E-07 14.9 -0.009 0.197
5.340110E-02 4.35E-07 16.3 -0.047 1.674654E-02 1.13E-07 13.5 -0.066
5.340196E-02 3.80E-07 14.2 0.152 0.213 1.674657E-02 1.12E-07 13.4 -0.096 0.193
5.340120E-02 4.14E-07 15.5 0.019 1.674692E-02 1.19E-07 14.2 0.227
5.340134E-02 4.10E-07 15.4 1.674647E-02 1.14E-07 13.6
5.340164E-02 4.96E-07 18.6 0.026 0.254 1.674678E-02 1.26E-07 15.0 -0.069 0.209
5.340180E-02 5.07E-07 19.0 1.674687E-02 1.29E-07 15.4
5.340156E-02 4.28E-07 16.0 0.047 0.247 1.674695E-02 1.23E-07 14.7 0.173 0.216
5.340082E-02 4.93E-07 18.5 -0.184 1.674645E-02 1.35E-07 16.1 -0.251
5.340008E-02 3.94E-07 14.8 -0.115 0.219 1.674650E-02 1.13E-07 13.5 -0.116 0.200
5.340057E-02 3.65E-07 13.7 -0.047 1.674694E-02 1.12E-07 13.4 0.293
5.339972E-02 3.81E-07 14.3 0.102 0.246 1.674665E-02 1.29E-07 15.4 -0.012 0.216
5.339778E-02 6.63E-07 24.8 -0.522 1.674640E-02 1.39E-07 16.6 -0.322
5.339888E-02 4.51E-07 16.9 0.115 0.270 1.674654E-02 1.35E-07 16.1 0.194 0.223







Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std




Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Alfa Aesar Ni standard (bracketed with Aristar Ni standard) 





1.821940E-02 2.39E-07 0.4076147 4.32E-06
1.821624E-02 1.99E-07 -0.276 0.4075591 3.74E-06 -0.200
1.822314E-02 2.18E-07 0.4076667 4.04E-06
1.821429E-02 2.12E-07 -0.417 0.4075289 3.70E-06 -0.288
1.822062E-02 1.99E-07 0.4076262 3.74E-06
1.821431E-02 2.07E-07 -0.390 0.4075283 3.57E-06 -0.268
1.822222E-02 2.51E-07 0.4076488 3.91E-06
1.824860E-02 2.21E-07 0.4080753 3.57E-06
1.823585E-02 1.92E-07 -0.750 0.4078883 3.57E-06 -0.496
1.825048E-02 1.94E-07 0.4081063 2.99E-06
1.824757E-02 1.75E-07 -0.227 0.4080646 2.89E-06 -0.138
1.825294E-02 2.07E-07 0.4081356 3.04E-06
1.825034E-02 1.71E-07 -0.264 0.4081011 2.92E-06 -0.170
1.825738E-02 1.57E-07 0.4082054 3.03E-06
1.825401E-02 1.44E-07 -0.274 0.4081555 2.37E-06 -0.177
1.826063E-02 2.96E-07 0.4082502 4.81E-06
1.825636E-02 1.64E-07 0.4081916 2.75E-06
1.826188E-02 2.21E-07 -0.103 0.4082713 3.63E-06 -0.061
1.826690E-02 1.99E-07 0.4083424 3.34E-06
1.826195E-02 2.53E-07 -0.340 0.4082648 4.03E-06 -0.245
1.826941E-02 1.66E-07 0.4083875 3.25E-06
1.824938E-02 1.73E-07 -0.875 0.4080852 2.74E-06 -0.584
1.826131E-02 1.84E-07 0.4082595 2.74E-06
1.825280E-02 2.61E-07 0.027 0.4081380 4.01E-06 0.017
1.824332E-02 2.24E-07 0.4080029 4.62E-06
1.824781E-02 3.03E-07 -0.096 0.4080637 3.03E-06 -0.083







Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std




Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
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Table A3.1 (a) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Aristar Ni std 0.3851317 2.14E-06 11.1 5.338417E-02 5.15E-07 19.3
Ni std SRM 986 0.3851269 2.08E-06 10.8 -0.097 0.156 5.338387E-02 4.78E-07 17.9 -0.050 0.258
Aristar Ni std 0.3851296 2.17E-06 11.3 -0.055 5.338410E-02 4.72E-07 17.7 -0.013
Ni std SRM 986 0.3851371 2.22E-06 11.5 0.112 0.159 5.338503E-02 4.84E-07 18.1 -0.018 0.264
Aristar Ni std 0.3851360 2.06E-06 10.7 0.166 5.338615E-02 5.49E-07 20.6 0.384
Ni std SRM 986 0.3851300 2.07E-06 10.7 -0.036 0.148 5.338377E-02 4.79E-07 17.9 0.291 0.264
Aristar Ni std 0.3851268 1.88E-06 9.8 -0.239 5.337828E-02 4.79E-07 17.9 -1.474
June 29th 2007
Aristar Ni std 0.3851333 2.22E-06 11.5 5.338858E-02 4.80E-07 18.0
Aristar Ni std 0.3851427 1.86E-06 9.7 5.338940E-02 5.16E-07 19.3
Ni std SRM 986 0.3851445 2.04E-06 10.6 0.079 0.145 5.339127E-02 5.03E-07 18.8 0.307 0.261
Aristar Ni std 0.3851402 1.96E-06 10.2 -0.065 5.338986E-02 4.44E-07 16.6 0.086
Ni std SRM 986 0.3851399 1.84E-06 9.6 0.129 0.136 5.338668E-02 4.62E-07 17.3 -0.205 0.241
Aristar Ni std 0.3851297 1.77E-06 9.2 -0.273 5.338569E-02 4.52E-07 16.9 -0.781
Ni std SRM 986 0.3851328 2.03E-06 10.5 0.131 0.145 5.338649E-02 4.96E-07 18.6 0.103 0.258
Aristar Ni std 0.3851258 2.03E-06 10.5 -0.101 5.338619E-02 4.99E-07 18.7 0.094
Ni std SRM 986 0.3851271 1.97E-06 10.2 0.004 0.145 5.338717E-02 4.72E-07 17.7 0.144 0.258
Aristar Ni std 0.3851281 1.94E-06 10.1 0.060 5.338661E-02 5.07E-07 19.0 0.079
Ni std SRM 986 0.3851258 1.86E-06 9.7 -0.006 0.142 5.338559E-02 4.80E-07 18.0 0.050 0.275
Aristar Ni std 0.3851240 2.09E-06 10.9 -0.106 5.338404E-02 6.01E-07 22.5
June 29th 2007
Aristar Ni std 0.3851701 1.97E-06 10.2 5.338927E-02 4.56E-07 17.1
Ni std SRM 986 0.3851691 1.94E-06 10.1 0.044 0.141 5.338825E-02 4.97E-07 18.6 0.046 0.250
Aristar Ni std 0.3851647 1.82E-06 9.5 -0.140 5.338674E-02 4.32E-07 16.2 -0.474
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Table A3.1 (a) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Aristar Ni std 0.3851630 1.98E-06 10.3 5.339001E-02 4.13E-07 15.5
Ni std SRM 986 0.3851658 1.95E-06 10.1 0.066 0.141 5.339130E-02 4.57E-07 17.1 0.014 0.238
Aristar Ni std 0.3851635 1.78E-06 9.2 0.013 5.339244E-02 4.71E-07 17.6 0.455
Ni std SRM 986 0.3851661 1.63E-06 8.5 0.074 0.123 5.339262E-02 4.01E-07 15.0 -0.011 0.227
Aristar Ni std 0.3851630 1.64E-06 8.5 -0.013 5.339292E-02 4.40E-07 16.5 0.090
Ni std SRM 986 0.3851627 1.76E-06 9.1 -0.053 0.128 5.339216E-02 4.67E-07 17.5 -0.203 0.242
Aristar Ni std 0.3851665 1.79E-06 9.3 0.091 5.339357E-02 4.51E-07 16.9 0.122
Ni std SRM 986 0.3851665 1.60E-06 8.3 0.012 0.124 5.339415E-02 4.78E-07 17.9 0.139 0.249
Aristar Ni std 0.3851656 1.75E-06 9.1 -0.023 5.339325E-02 4.73E-07 17.7 -0.060
Ni std SRM 986 0.3851587 1.75E-06 9.1 -0.170 0.130 5.339124E-02 4.55E-07 17.0 -0.404 0.248
Aristar Ni std 0.3851649 1.84E-06 9.6 -0.018 5.339354E-02 4.90E-07 18.4 0.054
Ni std SRM 986 0.3851593 1.76E-06 9.1 -0.158 0.129 5.339173E-02 4.53E-07 17.0 -0.293 0.245
Aristar Ni std 0.3851659 1.67E-06 8.7 0.026 5.339305E-02 4.51E-07 16.9 -0.092
Ni std SRM 986 0.3851610 1.87E-06 9.7 -0.074 0.134 5.339351E-02 4.87E-07 18.2 0.077 0.253
Aristar Ni std 0.3851618 1.89E-06 9.8 -0.106 5.339315E-02 4.81E-07 18.0 0.019
Sept 27th 2007
Aristar Ni std 0.3851764 1.95E-06 10.1 5.339412E-02 4.58E-07 17.2
Ni std SRM 986 0.3851714 1.78E-06 9.2 -0.039 0.147 5.339408E-02 4.61E-07 17.3 -0.153 0.248
Aristar Ni std 0.3851694 2.44E-06 12.7 -0.182 5.339567E-02 4.89E-07 18.3 0.290
Ni std SRM 986 0.3851713 2.06E-06 10.7 0.105 0.154 5.339451E-02 5.24E-07 19.6 0.181 0.264
Aristar Ni std 0.3851651 1.77E-06 9.2 -0.112 5.339142E-02 4.51E-07 16.9 -0.796
mean 0.005 -0.002
2 sd 0.192 0.397
2 se 0.047 0.096
n 17 17
K. Andrews  2009 162
62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se







0.3851500 1.74E-06 9.0 1.674535E-02 1.22E-07 14.6
0.3851487 1.77E-06 9.2 -0.010 0.131 1.674542E-02 1.13E-07 13.5 0.039 0.194
0.3851482 1.85E-06 9.6 -0.047 1.674536E-02 1.12E-07 13.4 0.006
0.3851535 1.97E-06 10.2 0.142 0.137 1.674514E-02 1.15E-07 13.7 0.012 0.200
0.3851479 1.67E-06 8.7 -0.008 1.674488E-02 1.30E-07 15.5 -0.287
0.3851508 1.85E-06 9.6 0.048 0.127 1.674544E-02 1.14E-07 13.6 0.099 0.200
0.3851500 1.54E-06 8.0 0.055 1.674567E-02 1.14E-07 13.6 0.472
0.3851379 1.99E-06 10.3 1.674430E-02 1.14E-07 13.6
0.3851394 1.64E-06 8.5 1.674411E-02 1.22E-07 14.6
0.3851359 1.70E-06 8.8 -0.064 0.122 1.674366E-02 1.19E-07 14.2 -0.236 0.197
0.3851373 1.62E-06 8.4 -0.055 1.674400E-02 1.05E-07 12.5 -0.066
0.3851472 1.57E-06 8.2 0.206 0.116 1.674475E-02 1.10E-07 13.1 0.155 0.182
0.3851412 1.57E-06 8.2 0.101 1.674498E-02 1.07E-07 12.8 0.585
0.3851416 1.81E-06 9.4 0.066 0.123 1.674480E-02 1.18E-07 14.1 -0.075 0.195
0.3851369 1.51E-06 7.8 -0.112 1.674487E-02 1.18E-07 14.1 -0.066
0.3851370 1.78E-06 9.2 0.010 0.125 1.674463E-02 1.12E-07 13.4 -0.113 0.195
0.3851363 1.75E-06 9.1 -0.016 1.674477E-02 1.20E-07 14.3 -0.060
0.3851403 1.83E-06 9.5 0.017 0.132 1.674501E-02 1.14E-07 13.6 -0.039 0.204
0.3851430 1.80E-06 9.3 0.174 1.674538E-02 1.34E-07 16.0 0.364
0.3851683 1.50E-06 7.8 1.674404E-02 1.08E-07 12.9
0.3851675 1.63E-06 8.5 -0.034 0.116 1.674428E-02 1.18E-07 14.1 -0.036 0.189
0.3851693 1.56E-06 8.1 0.026 1.674464E-02 1.03E-07 12.3 0.358
June 28th 2007
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std





Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std




Ni std SRM 986
Aristar Ni std
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se









Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std




Ni std SRM 986
Aristar Ni std






0.3851556 1.88E-06 9.8 1.674386E-02 9.79E-08 11.7
0.3851557 1.52E-06 7.9 0.097 0.115 1.674355E-02 1.08E-07 12.9 -0.012 0.180
0.3851483 1.26E-06 6.5 -0.190 1.674328E-02 1.12E-07 13.4 -0.346
0.3851506 1.27E-06 6.6 0.086 0.093 1.674324E-02 9.52E-08 11.4 0.009 0.172
0.3851463 1.26E-06 6.5 -0.052 1.674317E-02 1.04E-07 12.4 -0.066
0.3851492 1.15E-06 6.0 0.053 0.087 1.674335E-02 1.11E-07 13.3 0.152 0.183
0.3851480 1.16E-06 6.0 0.044 1.674302E-02 1.07E-07 12.8 -0.090
0.3851468 1.18E-06 6.1 -0.016 0.089 1.674288E-02 1.13E-07 13.5 -0.105 0.188
0.3851468 1.32E-06 6.9 -0.031 1.674309E-02 1.12E-07 13.4 0.042
0.3851480 1.29E-06 6.7 0.057 0.093 1.674357E-02 1.08E-07 12.9 0.311 0.188
0.3851448 1.18E-06 6.1 -0.052 1.674301E-02 1.17E-07 14.0 -0.048
0.3851475 1.36E-06 7.1 0.039 0.097 1.674345E-02 1.07E-07 12.8 0.224 0.185
0.3851472 1.38E-06 7.2 0.062 1.674314E-02 1.07E-07 12.8 0.078
0.3851412 1.50E-06 7.8 -0.108 0.109 1.674303E-02 1.16E-07 13.9 -0.060 0.191
0.3851435 1.53E-06 7.9 -0.096 1.674312E-02 1.14E-07 13.6 -0.012
0.3851554 1.60E-06 8.3 1.674288E-02 1.09E-07 13.0
0.3851513 1.48E-06 7.7 0.045 0.137 1.674289E-02 1.09E-07 13.0 0.113 0.187
0.3851437 2.65E-06 13.8 -0.304 1.674252E-02 1.16E-07 13.9 -0.215
0.3851477 1.83E-06 9.5 -0.004 0.146 1.674279E-02 1.24E-07 14.8 -0.140 0.199
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard) 









Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std




Ni std SRM 986
Aristar Ni std






5.339978E-02 5.12E-07 19.2 1.674658E-02 1.28E-07 15.3
5.339976E-02 4.15E-07 15.5 -0.189 0.225 1.674640E-02 1.26E-07 15.0 -0.099 0.210
5.340176E-02 3.44E-07 12.9 0.371 1.674655E-02 1.16E-07 13.9 -0.018
5.340114E-02 3.45E-07 12.9 -0.169 0.258 1.674638E-02 1.05E-07 12.5 -0.110 -0.012
5.340232E-02 3.45E-07 12.9 1.674658E-02 1.06E-07 12.7
5.340151E-02 3.15E-07 11.8 -0.109 0.180 1.674660E-02 1.14E-07 13.6 0.081 0.190
5.340186E-02 3.81E-07 14.3 -0.086 1.674635E-02 1.16E-07 13.9 -0.137
5.340219E-02 3.21E-07 12.0 0.032 0.184 1.674636E-02 1.04E-07 12.4 -0.012 0.185
5.340218E-02 3.60E-07 13.5 0.060 1.674641E-02 1.13E-07 13.5 0.036
5.340186E-02 3.52E-07 13.2 -0.110 -0.062 1.674686E-02 1.14E-07 13.6 0.254 0.299
5.340271E-02 3.21E-07 12.0 1.674646E-02 1.19E-07 14.2
5.340198E-02 3.71E-07 13.9 -0.076 0.191 1.674682E-02 1.14E-07 13.6 0.236 0.192
5.340206E-02 3.77E-07 14.1 -0.122 1.674639E-02 1.08E-07 12.9 -0.042
5.340372E-02 4.10E-07 15.4 0.216 0.214 1.674671E-02 1.21E-07 14.5 0.110 0.200
5.340307E-02 4.18E-07 15.7 0.189 1.674666E-02 1.23E-07 14.7 0.161
5.339983E-02 4.35E-07 16.3 1.674571E-02 1.26E-07 15.0
5.340095E-02 4.04E-07 15.1 -0.089 0.270 1.674604E-02 1.15E-07 13.7 0.063 0.219
5.340302E-02 7.25E-07 27.2 0.597 1.674616E-02 1.58E-07 18.9 0.269
5.340193E-02 4.99E-07 18.7 0.008 0.289 1.674604E-02 1.33E-07 15.9 -0.155 0.229





No 60Ni/58Ni normalised measurements made for June 28th & June 29th 
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard) 







Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std





Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std




Ni std SRM 986
Aristar Ni std
1.822222E-02 2.51E-07 0.4076488 3.91E-06
1.821032E-02 2.06E-07 -0.636 0.4074661 3.95E-06 -0.435
1.822160E-02 2.01E-07 0.4076377 3.92E-06
1.820409E-02 1.93E-07 -0.792 0.4073815 3.82E-06 -0.521
1.821545E-02 2.50E-07 0.4075502 3.98E-06
1.820454E-02 2.59E-07 -0.557 0.4073800 4.28E-06 -0.386
1.821391E-02 2.00E-07 0.4075241 3.21E-06
1.823550E-02 1.74E-07 0.4078489 3.49E-06
1.823335E-02 3.17E-07 0.4078249 4.71E-06
1.822227E-02 1.97E-07 -0.376 0.4076623 3.36E-06 -0.242
1.822489E-02 1.56E-07 0.4076973 2.71E-06
1.821680E-02 2.86E-07 -0.551 0.4075722 4.36E-06 -0.361
1.822880E-02 1.78E-07 0.4077415 2.84E-06
1.822263E-02 1.73E-07 -0.463 0.4076525 3.13E-06 -0.301
1.823334E-02 1.60E-07 0.4078091 2.89E-06
1.822467E-02 1.77E-07 -0.513 0.4076781 3.19E-06 -0.348
1.823472E-02 1.88E-07 0.4078312 3.22E-06
1.822480E-02 2.42E-07 -0.329 0.4076814 4.10E-06 -0.220
1.822687E-02 2.26E-07 0.4077114 3.32E-06
1.822283E-02 1.93E-07
1.821273E-02 2.42E-07 -0.466 No measurements made
1.821960E-02 1.91E-07
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for NIST SRM 986 Ni standard (bracketed with Aristar Ni standard) 





1.824920E-02 1.89E-07 0.4080829 3.70E-06
1.824376E-02 1.48E-07 -0.663 0.4080066 2.62E-06 -0.433
1.826251E-02 1.56E-07 0.4082838 2.08E-06
1.825289E-02 1.47E-07 -0.578 0.4081428 2.35E-06 -0.382
1.826439E-02 1.53E-07 0.4083134 2.11E-06
1.825135E-02 1.71E-07 -0.681 0.4081145 2.58E-06 -0.470
1.826318E-02 1.35E-07 0.4082997 1.96E-06
1.825471E-02 1.47E-07 -0.558 0.4081734 2.13E-06 -0.371
1.826664E-02 1.59E-07 0.4083497 2.33E-06
1.825752E-02 1.74E-07 -0.524 0.4082051 2.63E-06 -0.371
1.826755E-02 1.48E-07 0.4083633 2.12E-06
1.826128E-02 1.60E-07 -0.494 0.4082638 2.65E-06 -0.340
1.827307E-02 1.43E-07 0.4084421 2.33E-06
1.826343E-02 1.62E-07 -0.607 0.4082965 2.74E-06 -0.407
1.827597E-02 1.78E-07 0.4084830 2.83E-06
1.825948E-02 1.96E-07 0.4082517 3.22E-06
1.825026E-02 2.51E-07 -0.796 0.4081134 3.97E-06 -0.530
1.827011E-02 2.63E-07 0.4084078 5.03E-06
1.825601E-02 2.52E-07 -0.183 0.4081927 4.23E-06 -0.120







Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std




Ni std SRM 986
Aristar Ni std
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Table A3.1 (a) MC-ICPMS data for Aristar Ni standard (bracketed with NIST SRM 986 Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





Aristar vs SRM 986
Ni std SRM 986 0.3852016 1.82E-06 9.4   5.340370E-02 4.49E-07 16.8   
Aristar Ni std 0.3852037 1.77E-06 9.2 0.000 0.132 5.340648E-02 4.58E-07 17.2 0.260 0.240
Ni std SRM 986 0.3852058 1.84E-06 9.6 0.109 5.340648E-02 4.46E-07 16.7 0.521
Aristar Ni std 0.3852078 1.88E-06 9.8 -0.043 0.144 5.340575E-02 4.33E-07 16.2 -0.066 0.239
Ni std SRM 986 0.3852131 2.22E-06 11.5 0.190 5.340572E-02 4.92E-07 18.4 -0.142
Aristar Ni std 0.3852101 2.49E-06 12.9 -0.038 0.180 5.340635E-02 4.86E-07 18.2 0.218 0.259
Ni std SRM 986 0.3852100 2.60E-06 13.5 -0.080 5.340465E-02 4.90E-07 18.4 -0.200
Ni std SRM 986 0.3852165 1.90E-06 9.9   5.340481E-02 4.72E-07 17.7   
Aristar Ni std 0.3852175 1.87E-06 9.7 -0.036 0.139 5.340707E-02 4.91E-07 18.4 0.316 0.257
Ni std SRM 986 0.3852213 1.92E-06 10.0 0.125 5.340595E-02 4.85E-07 18.2 0.213
Aristar Ni std 0.3852165 1.94E-06 10.1 -0.057 0.143 5.340546E-02 4.60E-07 17.2 0.022 0.247
Ni std SRM 986 0.3852161 2.00E-06 10.4 -0.135 5.340474E-02 4.57E-07 17.1 -0.227
Ni std SRM 986 0.3852203 2.61E-06 13.6   5.340640E-02 4.81E-07 18.0   
Aristar Ni std 0.3852199 2.12E-06 11.0 -0.051 0.164 5.340586E-02 5.33E-07 20.0 -0.093 0.265
Ni std SRM 986 0.3852234 2.02E-06 10.5 0.080 5.340631E-02 4.49E-07 16.8 -0.017
Aristar Ni std 0.3852161 2.09E-06 10.9 -0.184 0.148 5.340513E-02 5.25E-07 19.7 -0.093 0.264
Ni std SRM 986 0.3852230 1.87E-06 9.7 -0.010 5.340494E-02 4.91E-07 18.4 -0.257
Aristar Ni std 0.3852212 2.26E-06 11.7 -0.055 0.153 5.340546E-02 4.88E-07 18.3 0.028 0.261
Ni std SRM 986 0.3852236 1.93E-06 10.0 0.016 5.340568E-02 5.01E-07 18.8 0.139
Aristar Ni std 0.3852199 1.86E-06 9.7 -0.043 0.149 5.340545E-02 4.78E-07 17.9 0.202 0.265
Ni std SRM 986 0.3852195 2.42E-06 12.6 -0.106 5.340306E-02 5.43E-07 20.3 -0.491
Aristar Ni std 0.3852186 2.63E-06 13.7 -0.023 0.163 5.340464E-02 6.01E-07 22.5 0.272 0.267
Ni std SRM 986 0.3852194 2.94E-06   -0.003 5.340331E-02 5.48E-07   0.047
mean (all) -0.053 0.107
2 sd 0.098 0.326
2 se 0.031 0.103
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Aristar Ni standard (bracketed with NISRT SRM 986 Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
APPENDIX 3: MC-ICPMS data
ppm
± 2 se
Aristar vs SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std





0.3851452 1.70E-06 8.8   1.674061E-02 1.07E-07 12.8   
0.3851381 1.71E-06 8.9 -0.116 0.123 1.673995E-02 1.08E-07 12.9 -0.197 0.181
0.3851399 1.57E-06 8.2 -0.138 1.673995E-02 1.06E-07 12.7 -0.394
0.3851440 1.91E-06 9.9 -0.008 0.136 1.674013E-02 1.03E-07 12.3 0.054 0.181
0.3851487 2.00E-06 10.4 0.228 1.674013E-02 1.17E-07 14.0 0.108
0.3851448 2.64E-06 13.7 -0.131 0.187 1.673999E-02 1.15E-07 13.7 -0.161 0.196
0.3851510 2.85E-06 14.8 0.060 1.674039E-02 1.16E-07 13.9 0.155
0.3851547 1.58E-06 8.2   1.674035E-02 1.12E-07 13.4   
0.3851500 1.70E-06 8.8 -0.138 0.119 1.673981E-02 1.16E-07 13.9 -0.242 0.194
0.3851559 1.48E-06 7.7 0.031 1.674008E-02 1.15E-07 13.7 -0.161
0.3851515 1.56E-06 8.1 -0.106 0.118 1.674019E-02 1.09E-07 13.0 -0.021 0.186
0.3851553 1.79E-06 9.3 -0.016 1.674037E-02 1.08E-07 12.9 0.173
0.3851568 2.60E-06 13.5   1.673997E-02 1.14E-07 13.6   
0.3851529 2.25E-06 11.7 -0.086 0.165 1.674010E-02 1.26E-07 15.1 0.072 0.200
0.3851556 1.80E-06 9.3 -0.031 1.673999E-02 1.06E-07 12.7 0.012
0.3851559 1.88E-06 9.8 -0.053 0.130 1.674027E-02 1.24E-07 14.8 0.069 0.199
0.3851603 1.52E-06 7.9 0.122 1.674032E-02 1.17E-07 14.0 0.197
0.3851573 1.85E-06 9.6 -0.074 0.124 1.674019E-02 1.16E-07 13.9 -0.024 0.198
0.3851600 1.50E-06 7.8 -0.008 1.674014E-02 1.19E-07 14.2 -0.108
0.3851581 1.65E-06 8.6 -0.112 0.134 1.674020E-02 1.13E-07 13.5 -0.149 0.201
0.3851648 2.39E-06 12.4 0.125 1.674076E-02 1.29E-07 15.4 0.370
0.3851629 2.92E-06 15.2 -0.036 0.214 1.674039E-02 1.43E-07 17.1 -0.203 0.230
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Aristar Ni standard (bracketed with NIST SRM 986 Ni standard) 







Aristar vs SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std





5.340261E-02 4.65E-07 17.4   1.674408E-02 1.17E-07 14.0   
5.340455E-02 4.68E-07 17.5 0.228 0.242 1.674394E-02 1.14E-07 13.6 -0.003 0.196
5.340406E-02 4.27E-07 16.0 0.272 1.674381E-02 1.19E-07 14.2 -0.161
5.340293E-02 5.22E-07 19.5 0.014 0.268 1.674368E-02 1.21E-07 14.5 0.066 0.214
5.340165E-02 5.46E-07 20.4 -0.451 1.674333E-02 1.44E-07 17.2 -0.287
5.340274E-02 7.21E-07 27.0 0.261 0.369 1.674353E-02 1.61E-07 19.2 0.057 0.268
5.340104E-02 7.77E-07 29.1 -0.114 1.674354E-02 1.68E-07 20.1 0.125
5.340002E-02 4.30E-07 16.1   1.674312E-02 1.23E-07 14.7   
5.340131E-02 4.64E-07 17.4 0.272 0.234 1.674305E-02 1.21E-07 14.5 0.051 0.207
5.339970E-02 4.03E-07 15.1 -0.060 1.674281E-02 1.24E-07 14.8 -0.185
5.340091E-02 4.25E-07 15.9 0.211 0.231 1.674312E-02 1.26E-07 15.1 0.087 0.213
5.339987E-02 4.88E-07 18.3 0.032 1.674314E-02 1.29E-07 15.4 0.197
5.339945E-02 7.09E-07 26.6   1.674287E-02 1.69E-07 20.2   
5.340051E-02 6.15E-07 23.0 0.167 0.324 1.674290E-02 1.37E-07 16.4 0.078 0.244
5.339979E-02 4.92E-07 18.4 0.064 1.674267E-02 1.31E-07 15.6 -0.119
5.339971E-02 5.12E-07 19.2 0.106 0.257 1.674314E-02 1.35E-07 16.1 0.272 0.221
5.339850E-02 4.16E-07 15.6 -0.242 1.674270E-02 1.21E-07 14.5 0.018
5.339931E-02 5.04E-07 18.9 0.145 0.244 1.674281E-02 1.46E-07 17.4 0.078 0.228
5.339857E-02 4.09E-07 15.3 0.013 1.674266E-02 1.25E-07 14.9 -0.024
5.339910E-02 4.51E-07 16.9 0.220 0.265 1.674289E-02 1.20E-07 14.3 0.060 0.222
5.339728E-02 6.51E-07 24.4 -0.242 1.674292E-02 1.57E-07 18.8 0.155
5.339779E-02 7.98E-07 29.9 0.070 0.422 1.674298E-02 1.70E-07 20.3 0.033 0.291
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Aristar Ni standard (bracketed with NIST SRM 986 Ni standard) 





Aristar vs SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std
Ni std SRM 986
Aristar Ni std





1.818310E-02 1.01E-06  0.4071308 1.56E-05  
1.818137E-02 7.19E-07 -0.310 0.4071111 1.12E-05 -0.200
1.819090E-02 8.20E-07 0.4072541 1.24E-05  
1.822691E-02 1.25E-06 0.467 0.4077920 1.88E-05 0.296
1.824591E-02 1.01E-06 0.4080887 1.50E-05  
1.828923E-02 1.29E-06 1.264 0.4087288 1.94E-05 0.828
1.828639E-02 9.04E-07 0.4086928 1.41E-05  
1.823114E-02 6.83E-07  0.4078691 1.03E-05  
1.824974E-02 1.14E-06 1.498 0.4081450 1.74E-05 0.990
1.821373E-02 5.19E-07  0.4076136 8.02E-06  
1.824637E-02 5.44E-07 0.802 0.4080983 8.12E-06 0.535
1.824976E-02 4.71E-07  0.4081466 7.34E-06  
1.817057E-02 5.34E-07  0.4069605 8.92E-06  
1.817914E-02 4.41E-07 -0.186 0.4070850 7.13E-06 -0.145
1.819449E-02 6.81E-07  0.4073278 1.08E-05  
1.820604E-02 6.51E-07 0.153 0.4074919 9.83E-06 0.091
1.821201E-02 6.74E-07  0.4075821 9.88E-06  
1.822695E-02 5.53E-07 -0.036 0.4078055 8.96E-06 -0.038
1.824320E-02 6.77E-07  0.4080595 9.88E-06  
1.826108E-02 7.16E-07 -0.604 0.4083215 1.10E-05 -0.411
1.830105E-02 1.52E-06  0.4089194 2.28E-05  
1.833195E-02 1.07E-06 0.273 0.4093889 1.59E-05 0.203
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Table A3.1 (a) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std Aristar 1 (6685) 0.3852152 1.92E-06 10.0 5.339338E-02 4.58E-07 17.2
Col. Proc Aristar 1 (6686) 0.3852168 1.84E-06 9.6 0.026 0.142 5.339380E-02 4.14E-07 15.5 -0.098 0.244
Ni std Aristar 2 (6687) 0.3852164 2.10E-06 10.9 0.031 5.339527E-02 5.41E-07 20.3 0.354
Col. Proc. Aristar 2 (6688) 0.3852170 1.98E-06 10.3 0.093 0.144 5.339425E-02 4.91E-07 18.4 0.017 0.265
Ni std Aristar 3 (6689) 0.3852104 1.75E-06 9.1 -0.156 5.339305E-02 4.77E-07 17.9 -0.416
Col. Proc. Aristar 3 (6690) 0.3852118 1.76E-06 9.1 -0.066 0.129 5.339405E-02 4.51E-07 16.9 -0.037 0.245
Ni std Aristar 4 (6691) 0.3852183 1.78E-06 9.2 0.205 5.339545E-02 4.71E-07 17.6 0.449
Col.Proc Aristar 4 (6692) 0.3852143 1.74E-06 9.0 -0.038 0.132 5.339361E-02 4.56E-07 17.1 -0.274 0.243
Ni std Aristar 5 (6693) 0.3852132 1.93E-06 10.0 -0.132 5.339470E-02 4.55E-07 17.0 -0.140
Ni std Aristar 6 (6694) 0.3852116 1.76E-06 9.1 -0.042 5.339258E-02 4.45E-07 16.7
Col. Proc Aristar 5 (6695) 0.3852155 1.82E-06 9.4 0.058 0.135 5.339423E-02 4.62E-07 17.3 0.243 0.244
Ni std Aristar 7 (6696) 0.3852149 1.78E-06 9.2 0.044 5.339329E-02 4.71E-07 17.6 0.133
Col. Proc Aristar 6 (6696) 0.3852122 1.82E-06 9.4 -0.062 0.130 5.339314E-02 4.83E-07 18.1 0.022 0.249
Ni std Aristar 8 (6698) 0.3852143 1.66E-06 8.6 -0.016 5.339275E-02 4.41E-07 16.5 -0.101
Col. Proc Aristar 7 (6699) 0.3852146 1.72E-06 8.9 -0.031 0.125 5.339390E-02 4.61E-07 17.3 0.074 0.244
Ni std Aristar 9 (6700) 0.3852173 1.72E-06 8.9 0.078 5.339426E-02 4.78E-07 17.9 0.283
Col. Proc Aristar 8 (6701) 0.3852144 1.72E-06 8.9 -0.036 0.126 5.339373E-02 4.45E-07 16.7 -0.003 0.241
Ni std Aristar 10 (6702) 0.3852143 1.71E-06 8.9 -0.078 5.339323E-02 4.52E-07 16.9 -0.193
April 17 08
Ni std Aristar 1 (7051) 0.3852374 1.81E-06 9.4 5.339219E-02 4.97E-07 18.6
Col. Proc Aristar 1 (7052) 0.3852397 1.85E-06 9.6 0.078 0.137 5.339335E-02 4.72E-07 17.7 0.276 0.259
Ni std Aristar 2 (7053) 0.3852360 1.97E-06 10.2 -0.036 5.339156E-02 5.15E-07 19.3 -0.118
Col. Proc. Aristar 2 (7054) 0.3852266 2.14E-06 11.1 -0.070 0.151 5.339300E-02 4.96E-07 18.6 0.147 0.262
Ni std Aristar 3 (7055) 0.3852226 1.98E-06 10.3 -0.348 5.339287E-02 4.73E-07 17.7 0.245
Col. Proc. Aristar 3 (7056) 0.3852224 2.16E-06 11.2 -0.019 0.157 5.339309E-02 5.33E-07 20.0 -0.073 0.277
Ni std Aristar 4 (7057) 0.3852237 2.25E-06 11.7 0.029 5.339409E-02 5.51E-07 20.6 0.228
Col.Proc Aristar 4 (7058) 0.3852263 1.96E-06 10.2 0.055 0.149 5.339260E-02 5.05E-07 18.9 -0.143 0.277
Ni std Aristar 5 (7059) 0.3852247 1.91E-06 9.9 0.026 5.339264E-02 5.29E-07 19.8 -0.272
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Table A3.1 (a) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar
 Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 6 (7060) 0.3852226 1.89E-06 9.8 5.339217E-02 4.68E-07 17.5
Col. Proc Aristar 5 (7061) 0.3852246 1.71E-06 8.9 0.231 0.135 5.339268E-02 4.27E-07 16.0 0.283 0.242
Ni std Aristar 7 (7062) 0.3852088 2.01E-06 10.4 -0.358 5.339017E-02 5.03E-07 18.8 -0.375
Col. Proc Aristar 6 (7063) 0.3852256 1.71E-06 8.9 0.248 0.130 5.339215E-02 4.67E-07 17.5 0.243 0.250
Ni std Aristar 8 (7064) 0.3852233 1.62E-06 8.4 0.376 5.339153E-02 4.47E-07 16.7 0.255
Col. Proc Aristar 7 (7065) 0.3852229 1.83E-06 9.5 -0.057 0.128 5.339142E-02 4.37E-07 16.4 -0.010 0.233
Ni std Aristar 9 (7066) 0.3852269 1.66E-06 8.6 0.093 5.339142E-02 4.41E-07 16.5 -0.021
Col. Proc Aristar 8 (7067) 0.3852247 1.80E-06 9.3 -0.048 0.130 5.339151E-02 4.10E-07 15.4 -0.094 0.223
Ni std Aristar 10 (7068) 0.3852262 1.83E-06 9.5 -0.018 5.339260E-02 4.22E-07 15.8 0.221
April 17 08
Ni std Aristar 1 (7334) 0.3852023 1.82E-06 9.4 5.339238E-02 4.91E-07 18.4
Col. Proce Aristar 1 (7335) 0.3852040 1.91E-06 9.9 0.088 0.141 5.339087E-02 4.90E-07 18.4 -0.280 0.267
Ni std Aristar 2 (7336) 0.3851989 2.05E-06 10.6 -0.088 5.339235E-02 5.45E-07 20.4 -0.006
Col. Proc. Aristar 2 (7337) 0.3852007 1.78E-06 9.2 0.154 0.138 5.339066E-02 4.90E-07 18.4 -0.066 0.270
Ni std Aristar 3 (7338) 0.3851906 1.89E-06 9.8 -0.215 5.338967E-02 5.09E-07 19.1 -0.502
Col. Proc. Aristar 3 (7339) 0.3852017 1.58E-06 8.2 0.267 0.126 5.339115E-02 4.64E-07 17.4 0.214 0.253
Ni std Aristar 4 (7340) 0.3851922 1.77E-06 9.2 0.042 5.339034E-02 4.69E-07 17.6 0.125
Col.Proc Aristar 4 (7341) 0.3851994 1.74E-06 9.0 0.127 0.130 5.338917E-02 4.65E-07 17.4 -0.300 0.248
Ni std Aristar 5 (7342) 0.3851968 1.83E-06 9.5 0.119 5.339120E-02 4.73E-07 17.7 0.161
mean (all) 0.050 0.007
2 sd 0.220 0.367
2 se 0.049 0.082
n 20 20
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar
 Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851944 1.41E-06 7.3 1.674306E-02 1.41E-07 16.8
0.3851963 1.31E-06 6.8 0.097 0.106 1.674296E-02 9.83E-08 11.7 0.075 0.199
0.3851907 1.69E-06 8.8 -0.096 1.674261E-02 1.28E-07 15.3 -0.269
0.3851953 1.48E-06 7.7 0.087 0.110 1.674285E-02 1.16E-07 13.9 -0.015 0.200
0.3851932 1.29E-06 6.7 0.065 1.674314E-02 1.13E-07 13.5 0.317
0.3851904 1.27E-06 6.6 -0.056 0.094 1.674290E-02 1.07E-07 12.8 0.027 0.185
0.3851919 1.30E-06 6.7 -0.034 1.674257E-02 1.12E-07 13.4 -0.340
0.3851934 1.55E-06 8.0 0.052 0.106 1.674301E-02 1.08E-07 12.9 0.209 0.183
0.3851909 1.34E-06 7.0 -0.026 1.674275E-02 1.06E-07 12.7 0.108
0.3851961 1.31E-06 6.8 1.674325E-02 1.06E-07 12.7
0.3851922 1.24E-06 6.4 -0.092 0.092 1.674286E-02 1.10E-07 13.1 -0.182 0.185
0.3851954 1.23E-06 6.4 -0.018 1.674308E-02 1.12E-07 13.4 -0.102
0.3851959 1.32E-06 6.9 -0.001 0.095 1.674312E-02 1.15E-07 13.7 -0.015 0.189
0.3851965 1.31E-06 6.8 0.029 1.674321E-02 1.05E-07 12.5 0.078
0.3851937 1.41E-06 7.3 -0.051 0.102 1.674294E-02 1.09E-07 13.0 -0.054 0.184
0.3851948 1.40E-06 7.3 -0.044 1.674285E-02 1.13E-07 13.5 -0.215
0.3851941 1.39E-06 7.2 -0.019 0.100 1.674298E-02 1.05E-07 12.5 0.003 0.182
0.3851949 1.26E-06 6.5 0.003 1.674310E-02 1.07E-07 12.8 0.149
0.3852222 1.47E-06 7.6 1.674334E-02 1.18E-07 14.1
0.3852212 1.39E-06 7.2 -0.025 0.104 1.674307E-02 1.12E-07 13.4 -0.206 0.196
0.3852221 1.44E-06 7.5 -0.003 1.674349E-02 1.22E-07 14.6 0.090
0.3852082 1.84E-06 9.6 -0.143 0.123 1.674315E-02 1.18E-07 14.1 -0.110 0.199
0.3852053 1.54E-06 8.0 -0.436 1.674318E-02 1.12E-07 13.4 -0.185
0.3852026 1.45E-06 7.5 -0.042 0.108 1.674313E-02 1.26E-07 15.1 0.057 0.209
0.3852031 1.44E-06 7.5 -0.057 1.674289E-02 1.31E-07 15.6 -0.173
0.3852118 1.35E-06 7.0 0.121 0.106 1.674324E-02 1.20E-07 14.3 0.105 0.210
0.3852112 1.64E-06 8.5 0.210 1.674324E-02 1.25E-07 14.9 0.209
April 4 08
Ni std Aristar 1 (6685)
Col. Proc Aristar 1 (6686)
Ni std Aristar 2 (6687)
Col. Proc. Aristar 2 (6688)
Ni std Aristar 3 (6689)
Col. Proc. Aristar 3 (6690)
Ni std Aristar 4 (6691)
Col.Proc Aristar 4 (6692)
Ni std Aristar 5 (6693)
Ni std Aristar 6 (6694)
Col. Proc Aristar 5 (6695)
Ni std Aristar 7 (6696)
Col. Proc Aristar 6 (6696)
Ni std Aristar 8 (6698)
Col. Proc Aristar 7 (6699)
Ni std Aristar 9 (6700)
Col. Proc Aristar 8 (6701)
Ni std Aristar 10 (6702)
April 17 08
Ni std Aristar 1 (7051)
Col. Proc Aristar 1 (7052)
Ni std Aristar 2 (7053)
Col. Proc. Aristar 2 (7054)
Ni std Aristar 3 (7055)
Col. Proc. Aristar 3 (7056)
Ni std Aristar 4 (7057)
Col.Proc Aristar 4 (7058)
Ni std Aristar 5 (7059)
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar
 Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






Ni std Aristar 6 (7060)
Col. Proc Aristar 5 (7061)
Ni std Aristar 7 (7062)
Col. Proc Aristar 6 (7063)
Ni std Aristar 8 (7064)
Col. Proc Aristar 7 (7065)
Ni std Aristar 9 (7066)
Col. Proc Aristar 8 (7067)
Ni std Aristar 10 (7068)
April 17 08
Ni std Aristar 1 (7334)
Col. Proc Aristar 1 (7335)
Ni std Aristar 2 (7336)
Col. Proc. Aristar 2 (7337)
Ni std Aristar 3 (7338)
Col. Proc. Aristar 3 (7339)
Ni std Aristar 4 (7340)
Col.Proc Aristar 4 (7341)





0.3852072 1.32E-06 6.9 1.674335E-02 1.11E-07 13.3
0.3852100 1.19E-06 6.2 0.154 0.098 1.674323E-02 1.01E-06 120.6 -0.212 1.214
0.3852009 1.58E-06 8.2 -0.164 1.674382E-02 1.19E-07 14.2 0.281
0.3852115 1.44E-06 7.5 0.140 0.108 1.674335E-02 1.11E-07 13.3 -0.185 0.189
0.3852113 1.44E-06 7.5 0.270 1.674350E-02 1.06E-07 12.7 -0.191
0.3852120 1.59E-06 8.3 -0.004 0.110 1.674352E-02 1.04E-07 12.4 0.006 0.177
0.385213 1.35E-06 7.0 0.044 1.674352E-02 1.05E-07 12.5 0.012
0.3852130 1.40E-06 7.3 0.043 0.102 1.674350E-02 9.72E-08 11.6 0.069 0.169
0.3852097 1.42E-06 7.4 -0.086 1.674325E-02 1.00E-07 11.9 -0.161
0.3851864 1.22E-06 6.3 1.674330E-02 1.17E-07 14.0
0.3851929 1.34E-06 7.0 0.199 0.094 1.674366E-02 1.16E-07 13.9 0.215 0.202
0.3851841 1.20E-06 6.2 -0.060 1.674330E-02 1.29E-07 15.4 0.000
0.3851926 1.26E-06 6.5 0.206 0.091 1.674371E-02 1.16E-07 13.9 0.054 0.204
0.3851852 1.23E-06 6.4 0.029 1.674394E-02 1.21E-07 14.5 0.382
0.3851892 1.08E-06 5.6 0.110 0.084 1.674359E-02 1.10E-07 13.1 -0.161 0.191
0.3851847 1.16E-06 6.0 -0.013 1.674378E-02 1.11E-07 13.3 -0.096
0.3851954 1.39E-06 7.2 0.279 0.094 1.674406E-02 1.10E-07 13.1 0.227 0.187
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Allfa Aesar (bracketed with Aristar Ni standard) 









Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std




Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std







5.340075E-02 4.05E-07 15.2 1.674644E-02 1.14E-07 13.6
5.340037E-02 4.94E-07 18.5 -0.093 0.237 1.674616E-02 1.19E-07 14.2 -0.161 0.200
5.340098E-02 3.83E-07 14.3 0.043 1.674642E-02 1.21E-07 14.5 -0.012
5.340100E-02 3.45E-07 12.9 -0.031 0.187 1.674632E-02 1.21E-07 14.5 -0.128 0.197
5.340135E-02 3.41E-07 12.8 1.674665E-02 1.03E-07 12.3
5.340151E-02 4.07E-07 15.2 0.053 0.211 1.674658E-02 1.25E-07 14.9 -0.009 0.197
5.340110E-02 4.35E-07 16.3 -0.047 1.674654E-02 1.13E-07 13.5 -0.066
5.340196E-02 3.80E-07 14.2 0.152 0.213 1.674657E-02 1.12E-07 13.4 -0.096 0.193
5.340120E-02 4.14E-07 15.5 0.019 1.674692E-02 1.19E-07 14.2 0.227
5.340134E-02 4.10E-07 15.4 1.674647E-02 1.14E-07 13.6
5.340164E-02 4.96E-07 18.6 0.026 0.254 1.674678E-02 1.26E-07 15.0 -0.069 0.209
5.340180E-02 5.07E-07 19.0 1.674687E-02 1.29E-07 15.4
5.340156E-02 4.28E-07 16.0 0.047 0.247 1.674695E-02 1.23E-07 14.7 0.173 0.216
5.340082E-02 4.93E-07 18.5 -0.184 1.674645E-02 1.35E-07 16.1 -0.251
5.340008E-02 3.94E-07 14.8 -0.115 0.219 1.674650E-02 1.13E-07 13.5 -0.116 0.200
5.340057E-02 3.65E-07 13.7 -0.047 1.674694E-02 1.12E-07 13.4 0.293
5.339972E-02 3.81E-07 14.3 0.102 0.246 1.674665E-02 1.29E-07 15.4 -0.012 0.216
5.339778E-02 6.63E-07 24.8 -0.522 1.674640E-02 1.39E-07 16.6 -0.322
5.339888E-02 4.51E-07 16.9 0.115 0.270 1.674654E-02 1.35E-07 16.1 0.194 0.223
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar
 Ni standard) 






Ni std Aristar 6 (7060)
Col. Proc Aristar 5 (7061)
Ni std Aristar 7 (7062)
Col. Proc Aristar 6 (7063)
Ni std Aristar 8 (7064)
Col. Proc Aristar 7 (7065)
Ni std Aristar 9 (7066)
Col. Proc Aristar 8 (7067)
Ni std Aristar 10 (7068)
April 17 08
Ni std Aristar 1 (7334)
Col. Proce Aristar 1 (7335)
Ni std Aristar 2 (7336)
Col. Proc. Aristar 2 (7337)
Ni std Aristar 3 (7338)
Col. Proc. Aristar 3 (7339)
Ni std Aristar 4 (7340)
Col.Proc Aristar 4 (7341)





5.338569E-02 3.61E-07 13.5 1.674272E-02 1.22E-07 14.6 0.078
5.338487E-02 3.26E-07 12.2 -0.315 0.192 1.674259E-02 1.10E-07 13.1 -0.343 0.200
5.338741E-02 4.30E-07 16.1 0.322 1.674361E-02 1.30E-07 15.5 0.609
5.338452E-02 3.93E-07 14.7 -0.275 0.213 1.674253E-02 1.11E-07 13.3 -0.367 0.194
5.338457E-02 3.93E-07 14.7 -0.532 1.674268E-02 1.05E-07 12.5 -0.555
5.338439E-02 4.33E-07 16.2 0.008 0.216 1.674270E-02 1.18E-07 14.1 0.084 0.189
5.338412E-02 3.68E-07 13.8 -0.084 1.674244E-02 1.07E-07 12.8 -0.143
5.338411E-02 3.82E-07 14.3 -0.087 0.201 1.674258E-02 1.16E-07 13.9 0.069 0.193
5.338503E-02 3.88E-07 14.5 0.170 1.674249E-02 1.18E-07 14.1 0.030
5.339138E-02 3.33E-07 12.5 1.674404E-02 1.18E-07 14.1
5.338959E-02 3.65E-07 13.7 -0.393 0.184 1.674391E-02 1.25E-07 14.9 -0.143 0.212
5.339200E-02 3.26E-07 12.2 0.116 1.674426E-02 1.33E-07 15.9 0.131
5.338962E-02 3.46E-07 13.0 -0.418 0.179 1.674414E-02 1.15E-07 13.7 -0.230 0.205
5.339170E-02 3.34E-07 12.5 -0.056 1.674479E-02 1.22E-07 14.6 0.317
5.339060E-02 2.93E-07 11.0 -0.218 0.164 1.674407E-02 1.02E-07 12.2 -0.400 0.186
5.339183E-02 3.18E-07 11.9 0.024 1.674469E-02 1.14E-07 13.6 -0.060
5.338892E-02 3.79E-07 14.2 -0.549 0.185 1.674422E-02 1.13E-07 13.5 -0.191 0.193
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar 
 Ni standard) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
April 4 08
Ni std Aristar 1 (6685)
Col. Proce Aristar 1 (6686)
Ni std Aristar 2 (6687)
Col. Proc. Aristar 2 (6688)
Ni std Aristar 3 (6689)
Col. Proc. Aristar 3 (6690)
Ni std Aristar 4 (6691)
Col.Proc Aristar 4 (6692)
Ni std Aristar 5 (6693)
Ni std Aristar 6 (6694)
Col. Proc Aristar 5 (6695)
Ni std Aristar 7 (6696)
Col. Proc Aristar 6 (6696)
Ni std Aristar 8 (6698)
Col. Proc Aristar 7 (6699)
Ni std Aristar 9 (6700)
Col. Proc Aristar 8 (6701)
Ni std Aristar 10 (6702)
April 17 08
Ni std Aristar 1 (7051)
Col. Proce Aristar 1 (7052)
Ni std Aristar 2 (7053)
Col. Proc. Aristar 2 (7054)
Ni std Aristar 3 (7055)
Col. Proc. Aristar 3 (7056)
Ni std Aristar 4 (7057)
Col.Proc Aristar 4 (7058)
Ni std Aristar 5 (7059)
1.826229E-02 1.59E-07 0.4083346 2.56E-06
1.824627E-02 1.60E-07 -0.711 0.4080978 2.58E-06 -0.474
1.825621E-02 1.85E-07 0.4082483 3.16E-06
1.824768E-02 1.61E-07 -0.461 0.4081189 2.53E-06 -0.305
1.825600E-02 1.56E-07 0.4082385 2.30E-06
1.824764E-02 1.64E-07 -0.379 0.4081116 2.51E-06 -0.267
1.825313E-02 1.57E-07 0.4082025 2.27E-06
1.824247E-02 1.67E-07 -0.562 0.4080385 2.76E-06 -0.382
1.825234E-02 1.76E-07 0.4081864 2.61E-06
1.825539E-02 1.73E-07 0.4082263 2.72E-06
1.824807E-02 1.39E-07 -0.411 0.4081240 2.05E-06 -0.264
1.825574E-02 1.43E-07 0.4082371 2.05E-06
1.824731E-02 1.56E-07 -0.456 0.4081083 2.30E-06 -0.311
1.825552E-02 1.54E-07 0.4082332 2.26E-06
1.824568E-02 1.59E-07 -0.495 0.4080870 2.42E-06 -0.334
1.825392E-02 1.54E-07 0.4082135 2.33E-06
1.824786E-02 1.48E-07 -0.414 0.4081217 2.52E-06 -0.274
1.825692E-02 1.67E-07 0.4082533 2.45E-06
1.821723E-02 2.00E-07 0.4076810 3.02E-06
1.821357E-02 1.90E-07 -0.604 0.4076310 2.89E-06 -0.388
1.823193E-02 1.95E-07 0.4078975 3.21E-06
1.819847E-02 2.14E-07 -1.791 0.4073878 3.74E-06 -1.209
1.823031E-02 3.94E-07 0.4078640 6.06E-06
1.821311E-02 2.04E-07 -1.013 0.4076082 3.25E-06 -0.673
1.823285E-02 3.08E-07 0.4079014 4.89E-06
1.823298E-02 1.84E-07 -0.421 0.4079094 2.89E-06 -0.271
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Teva spec column chemistry (bracketed with Aristar 
Ni standard) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.823256E-02 1.89E-07 0.4078970 2.95E-06
1.821990E-02 1.97E-07 -0.242 0.4077100 2.99E-06 -0.136
1.821605E-02 1.91E-07 0.4076339 3.08E-06
1.822790E-02 2.08E-07 0.141 0.4078283 3.49E-06 0.114
1.823462E-02 1.95E-07 0.4079294 3.35E-06
1.822684E-02 1.86E-07 -0.522 0.4078107 3.15E-06 -0.361
1.823810E-02 1.75E-07 0.4079868 2.91E-06
1.822604E-02 2.15E-07 -0.541 0.4078038 3.66E-06 -0.359
1.823370E-02 2.34E-07 0.4079139 3.61E-06
1.827274E-02 1.71E-07 0.4084801 2.24E-06
1.825682E-02 1.89E-07 -0.926 0.4082396 3.20E-06 -0.614
1.827476E-02 1.60E-07 0.4085005 2.15E-06
1.826164E-02 2.97E-07 -0.879 0.4083138 4.42E-06 -0.561
1.828065E-02 1.75E-07 0.4085854 2.58E-06
1.826347E-02 1.84E-07 -0.996 0.4083395 2.67E-06 -0.642
1.828270E-02 1.92E-07 0.4086181 2.58E-06
1.826994E-02 1.97E-07 -0.822 0.4084347 2.95E-06 -0.538





Ni std Aristar 6 (7060)
Col. Proc Aristar 5 (7061)
Ni std Aristar 7 (7062)
Col. Proc Aristar 6 (7063)
Ni std Aristar 8 (7064)
Col. Proc Aristar 7 (7065)
Ni std Aristar 9 (7066)
Col. Proc Aristar 8 (7067)
Ni std Aristar 10 (7068)
April 17 08
Ni std Aristar 1 (7334)
Col. Proc Aristar 1 (7335)
Ni std Aristar 2 (7336)
Col. Proc. Aristar 2 (7337)
Ni std Aristar 3 (7338)
Col. Proc. Aristar 3 (7339)
Ni std Aristar 4 (7340)
Col.Proc Aristar 4 (7341)
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Table A3.1 (b) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 1 (6743) 0.3852231 2.00E-06 10.4 5.339682E-02 4.57E-07 17.1
Col. Proc Aristar 1 (6744) 0.3852136 1.73E-06 9.0 -0.171 0.132 5.339471E-02 4.38E-07 16.4 -0.297 0.235
Ni std Aristar 2 (6745) 0.3852173 1.73E-06 9.0 -0.151 5.339577E-02 4.38E-07 16.4 -0.197
Col. Proc. Aristar 2 (6746) 0.3852213 1.77E-06 9.2 0.040 0.130 5.339658E-02 4.60E-07 17.2 0.088 0.233
Ni std Aristar 3 (6747) 0.3852222 1.79E-06 9.3 0.127 5.339645E-02 4.01E-07 15.0 0.127
Col. Proc. Aristar 3 (6748) 0.3852178 1.66E-06 8.6 -0.083 0.130 5.339576E-02 4.54E-07 17.0 -0.061 0.236
Ni std Aristar 4 (6749) 0.3852198 1.94E-06 10.1 -0.062 5.339572E-02 4.67E-07 17.5 -0.137
Col.Proc Aristar 4 (6750) 0.3852209 1.99E-06 10.3 -0.006 0.141 5.339665E-02 4.66E-07 17.5 0.156 0.248
Ni std Aristar 5 (6751) 0.3852225 1.75E-06 9.1 0.070 5.339591E-02 4.75E-07 17.8 0.036
Ni std Aristar 6 (6752) 0.3852256 1.81E-06 9.4 0.080 5.339746E-02 5.09E-07 19.1
Col. Proc Aristar 5 (6753) 0.3852223 1.98E-06 10.3 -0.105 0.138 5.339537E-02 4.78E-07 17.9 -0.315 0.253
Ni std Aristar 7 (6754) 0.3852271 1.81E-06 9.4 0.119 5.339664E-02 4.42E-07 16.6 -0.154
Col. Proc Aristar 6 (6755) 0.3852245 1.72E-06 8.9 0.035 0.127 5.339534E-02 4.20E-07 15.7 -0.086 0.223
Ni std Aristar 8 (6756) 0.3852192 1.68E-06 8.7 -0.205 5.339496E-02 4.01E-07 15.0 -0.315
Col. Proc Aristar 7 (6757) 0.3852219 1.71E-06 8.9 0.058 0.122 5.339544E-02 4.59E-07 17.2 0.113 0.234
Ni std Aristar 9 (6758) 0.3852201 1.55E-06 8.0 0.023 5.339471E-02 4.47E-07 16.7 -0.047
Col. Proc Aristar 8 (6759) 0.3852159 1.91E-06 9.9 -0.069 0.130 5.339434E-02 4.63E-07 17.3 -0.087 0.239
Ni std Aristar 10 (6760) 0.3852170 1.67E-06 8.7 -0.080 5.339490E-02 4.29E-07 16.1 0.036
Ni std Aristar 1 (7170) 0.3852305 1.80E-06 9.3 5.338658E-02 4.86E-07 17.1
Col. Proc Aristar 1 (7171) 0.3852276 1.88E-06 9.8 -0.080 0.136 5.338656E-02 4.47E-07 16.4 -0.026 0.235
Ni std Aristar 2 (7172) 0.3852309 1.85E-06 9.6 0.010 5.338682E-02 4.59E-07 16.4 0.045
Col. Proc. Aristar 2 (7173) 0.3852296 1.78E-06 9.2 -0.004 0.130 5.338730E-02 4.67E-07 17.2 0.157 0.233
Ni std Aristar 3 (7174) 0.3852286 1.69E-06 8.8 -0.060 5.338610E-02 4.52E-07 15.0 -0.135
Col. Proc. Aristar 3 (7175) 0.3852206 1.61E-06 8.4 -0.139 0.127 5.338579E-02 4.50E-07 17.0 0.021 0.236
Ni std Aristar 4 (7176) 0.3852233 1.96E-06 10.2 -0.138 5.338526E-02 4.81E-07 17.5 -0.157
Col.Proc Aristar 4 (7177) 0.3852276 1.82E-06 9.4 0.077 0.134 5.338767E-02 4.78E-07 17.5 0.352 0.248
Ni std Aristar 5 (7178) 0.3852260 1.70E-06 8.8 0.070 5.338632E-02 5.03E-07 17.8 0.199
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Table A3.1 (b) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 6 (7179) 0.3852233 2.06E-06 10.7 5.338507E-02 5.50E-07 19.1
Col. Proc Aristar 5 (7180) 0.3852258 1.71E-06 8.9 0.036 0.136 5.338538E-02 4.21E-07 17.9 -0.063 0.253
Ni std Aristar 7 (7181) 0.3852255 1.89E-06 9.8 0.057 5.338636E-02 5.02E-07 16.6 0.242
Col. Proc Aristar 6 (7182) 0.3852251 1.75E-06 9.1 0.017 0.137 5.338584E-02 4.17E-07 15.7 0.050 0.223
Ni std Aristar 8 (7183) 0.3852234 2.05E-06 10.6 -0.055 5.338479E-02 5.44E-07 15.0 -0.294
Col. Proc Aristar 7 (7184) 0.3852291 2.03E-06 10.5 0.087 0.148 5.338668E-02 5.07E-07 17.2 0.315 0.234
Ni std Aristar 9 (7185) 0.3852281 1.97E-06 10.2 0.122 5.338521E-02 4.91E-07 16.7 0.079
Col. Proc Aristar 8 (7186) 0.3852293 1.83E-06 9.5 0.071 0.140 5.338542E-02 4.60E-07 17.3 0.076 0.239
Ni std Aristar 10 (7187) 0.3852250 2.00E-06 10.4 -0.080 5.338482E-02 5.09E-07 16.1 -0.073
mean (all) -0.015 0.025
2 sd 0.164 0.366
2 se 0.041 0.091
n 16 16
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62Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni
 standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851921 1.64E-06 8.5 1.674224E-02 1.08E-07 12.9
0.3851895 1.43E-06 7.4 -0.039 0.109 1.674274E-02 1.04E-07 12.4 0.224 0.177
0.3851899 1.42E-06 7.4 -0.057 1.674249E-02 1.04E-07 12.4 0.149
0.3851894 1.41E-06 7.3 0.000 0.104 1.674230E-02 1.09E-07 13.0 -0.066 0.176
0.3851889 1.44E-06 7.5 -0.026 1.674233E-02 9.50E-08 11.3 -0.096
0.3851899 1.41E-06 7.3 -0.027 0.107 1.674248E-02 1.08E-07 12.9 0.039 0.179
0.3851930 1.58E-06 8.2 0.106 1.674250E-02 1.11E-07 13.3 0.102
0.3851919 1.56E-06 8.1 -0.038 0.112 1.674229E-02 1.11E-07 13.3 -0.113 0.188
0.3851937 1.38E-06 7.2 0.018 1.674246E-02 1.13E-07 13.5 -0.024
0.3851937 1.45E-06 7.5 1.674209E-02 1.21E-07 14.5
0.3851965 1.52E-06 7.9 0.026 0.110 1.674259E-02 1.13E-07 13.5 0.239 0.191
0.3851973 1.51E-06 7.8 0.093 1.674229E-02 1.05E-07 12.5 0.119
0.3851985 1.40E-06 7.3 0.060 0.105 1.674259E-02 9.96E-08 11.9 0.060 0.169
0.3851951 1.40E-06 7.3 -0.057 1.674269E-02 9.51E-08 11.4 0.239
0.3851940 1.33E-06 6.9 -0.027 0.103 1.674257E-02 1.09E-07 13.0 -0.090 0.177
0.3851950 1.56E-06 8.1 -0.003 1.674275E-02 1.06E-07 12.7 0.036
0.3851941 1.42E-06 7.4 -0.001 0.107 1.674283E-02 1.10E-07 13.1 0.063 0.181
0.3851933 1.44E-06 7.5 -0.044 1.674270E-02 1.02E-07 12.2 -0.030
0.3852330 1.40E-06 7.3 1.674467E-02 1.15E-07 13.7
0.3852326 1.34E-06 7.0 -0.029 0.099 1.674468E-02 1.06E-07 12.7 0.021 0.184
0.3852344 1.29E-06 6.7 0.036 1.674462E-02 1.09E-07 13.0 -0.030
0.3852317 1.34E-06 7.0 -0.090 0.095 1.674450E-02 1.11E-07 13.3 -0.122 0.185
0.3852359 1.18E-06 6.1 0.039 1.674479E-02 1.07E-07 12.8 0.102
0.3852298 1.12E-06 5.8 -0.136 0.090 1.674486E-02 1.07E-07 12.8 -0.018 0.184
0.3852342 1.44E-06 7.5 -0.044 1.674499E-02 1.14E-07 13.6 0.119
0.3852303 1.21E-06 6.3 -0.083 0.096 1.674442E-02 1.13E-07 13.5 -0.263 0.194
0.3852328 1.33E-06 6.9 -0.036 1.674473E-02 1.19E-07 14.2 -0.155
Ni std Aristar 1 (6743)
Col. Proc Aristar 1 (6744)
Ni std Aristar 2 (6745)
Col. Proc. Aristar 2 (6746)
Ni std Aristar 3 (6747)
Col. Proc. Aristar 3 (6748)
Ni std Aristar 4 (6749)
Col.Proc Aristar 4 (6750)
Ni std Aristar 5 (6751)
Ni std Aristar 6 (6752)
Col. Proc Aristar 5 (6753)
Ni std Aristar 7 (6754)
Col. Proc Aristar 6 (6755)
Ni std Aristar 8 (6756)
Col. Proc Aristar 7 (6757)
Ni std Aristar 9 (6758)
Col. Proc Aristar 8 (6759)
Ni std Aristar 10 (6760)
Ni std Aristar 1 (7170)
Col. Proce Aristar 1 (7171)
Ni std Aristar 2 (7172)
Col. Proc. Aristar 2 (7173)
Ni std Aristar 3 (7174)
Col. Proc. Aristar 3 (7175)
Ni std Aristar 4 (7176)
Col.Proc Aristar 4 (7177)
Ni std Aristar 5 (7178)
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni 
standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






Ni std Aristar 6 (7179)
Col. Proc Aristar 5 (7180)
Ni std Aristar 7 (7181)
Col. Proc Aristar 6 (7182)
Ni std Aristar 8 (7183)
Col. Proc Aristar 7 (7184)
Ni std Aristar 9 (7185)
Col. Proc Aristar 8 (7186)





0.3852328 1.32E-06 6.9 1.674503E-02 1.31E-07 15.6
0.3852349 1.26E-06 6.5 0.049 0.095 1.674496E-02 9.99E-08 11.9 0.048 0.191
0.3852332 1.34E-06 7.0 0.010 1.674473E-02 1.19E-07 14.2 -0.179
0.3852340 1.25E-06 6.5 -0.016 0.096 1.674485E-02 9.90E-08 11.8 -0.039 0.190
0.3852360 1.41E-06 7.3 0.073 1.674510E-02 1.29E-07 15.4 0.221
0.3852366 1.45E-06 7.5 -0.018 0.109 1.674465E-02 1.20E-07 14.3 -0.239 0.205
0.3852386 1.62E-06 8.4 0.067 1.674500E-02 1.17E-07 14.0 -0.060
0.3852377 1.25E-06 6.5 -0.031 0.108 1.674495E-02 1.09E-07 13.0 -0.057 0.193
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± se ± 2 se ± 2 se
ppm
61Ni/58Ni ε61Ni ± 2 se62Ni/58Ni ε62Ni± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni
 standard) 






Ni std Aristar 1 (6743)
Col. Proc Aristar 1 (6744)
Ni std Aristar 2 (6745)
Col. Proc. Aristar 2 (6746)
Ni std Aristar 3 (6747)
Col. Proc. Aristar 3 (6748)
Ni std Aristar 4 (6749)
Col.Proc Aristar 4 (6750)
Ni std Aristar 5 (6751)
Ni std Aristar 6 (6752)
Col. Proc Aristar 5 (6753)
Ni std Aristar 7 (6754)
Col. Proc Aristar 6 (6755)
Ni std Aristar 8 (6756)
Col. Proc Aristar 7 (6757)
Ni std Aristar 9 (6758)
Col. Proc Aristar 8 (6759)
Ni std Aristar 10 (6760)
Ni std Aristar 1 (7170)
Col. Proc Aristar 1 (7171)
Ni std Aristar 2 (7172)
Col. Proc. Aristar 2 (7173)
Ni std Aristar 3 (7174)
Col. Proc. Aristar 3 (7175)
Ni std Aristar 4 (7176)
Col.Proc Aristar 4 (7177)
Ni std Aristar 5 (7178)
5.338982E-02 4.49E-07 16.8 1.674269E-02 1.29E-07 15.4
5.339052E-02 3.91E-07 14.6 0.075 0.215 1.674330E-02 1.12E-07 13.4 0.254 0.197
5.339042E-02 3.89E-07 14.6 0.112 1.674306E-02 1.12E-07 13.4 0.221
5.339056E-02 3.85E-07 14.4 0.002 0.205 1.674281E-02 1.15E-07 13.7 -0.057 0.193
5.339068E-02 3.92E-07 14.7 0.049 1.674275E-02 1.16E-07 13.9 -0.185
5.339042E-02 3.85E-07 14.4 0.055 0.211 1.674303E-02 1.08E-07 12.9 0.122 0.194
5.338957E-02 4.30E-07 16.1 -0.208 1.674290E-02 1.26E-07 15.1 0.090
5.338986E-02 4.26E-07 16.0 0.072 0.220 1.674281E-02 1.28E-07 15.3 -0.003 0.209
5.338938E-02 3.76E-07 14.1 -0.036 1.674273E-02 1.13E-07 13.5 -0.102
5.338931E-02 3.93E-07 14.7 -0.013 1.674253E-02 1.17E-07 14.0
5.338861E-02 4.15E-07 15.5 -0.045 0.215 1.674274E-02 1.28E-07 15.3 0.155 0.207
5.338839E-02 4.13E-07 15.5 -0.185 1.674243E-02 1.17E-07 14.0 -0.060
5.338807E-02 3.82E-07 14.3 -0.118 0.207 1.674260E-02 1.11E-07 13.3 -0.051 0.189
5.338901E-02 3.82E-07 14.3 0.116 1.674294E-02 1.09E-07 13.0 0.305
5.338931E-02 3.64E-07 13.6 0.053 0.204 1.674277E-02 1.11E-07 13.3 -0.084 0.183
5.338904E-02 4.26E-07 16.0 0.006 1.674288E-02 1.01E-07 12.1 -0.036
5.338926E-02 3.88E-07 14.5 -0.001 0.212 1.674316E-02 1.24E-07 14.8 0.108 0.194
5.338949E-02 3.94E-07 14.8 0.084 1.674308E-02 1.08E-07 12.9 0.119
5.337867E-02 3.81E-07 16.8 1.674221E-02 1.17E-07 14.0
5.337876E-02 3.66E-07 14.6 0.054 0.215 1.674240E-02 1.22E-07 14.6 0.122 0.203
5.337827E-02 3.51E-07 14.6 -0.075 1.674218E-02 1.20E-07 14.3 -0.018
5.337901E-02 3.64E-07 14.4 0.177 0.205 1.674227E-02 1.15E-07 13.7 0.009 0.194
5.337786E-02 3.23E-07 14.7 -0.077 1.674233E-02 1.09E-07 13.0 0.090
5.337954E-02 3.06E-07 14.4 0.269 0.211 1.674285E-02 1.04E-07 12.4 0.206 0.182
5.337835E-02 3.93E-07 16.1 0.092 1.674268E-02 1.14E-07 13.6 0.209
5.337939E-02 3.29E-07 16.0 0.161 0.220 1.674240E-02 1.17E-07 14.0 -0.113 0.193
5.337871E-02 3.62E-07 14.1 0.067 1.674250E-02 1.10E-07 13.1 -0.108
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni
 standard) 






Ni std Aristar 6 (7179)
Col. Proc Aristar 5 (7180)
Ni std Aristar 7 (7181)
Col. Proc Aristar 6 (7182)
Ni std Aristar 8 (7183)
Col. Proc Aristar 7 (7184)
Ni std Aristar 9 (7185)
Col. Proc Aristar 8 (7186)





5.337872E-02 3.61E-07 14.7 1.674268E-02 1.33E-07 15.9
5.337815E-02 3.43E-07 15.5 -0.097 0.217 1.674251E-02 1.10E-07 13.1 -0.057 0.201
5.337862E-02 3.65E-07 15.5 -0.019 1.674253E-02 1.22E-07 14.6 -0.090
5.337838E-02 3.42E-07 14.3 0.027 0.207 1.674256E-02 1.13E-07 13.5 -0.024 0.203
5.337785E-02 3.83E-07 14.3 -0.144 1.674267E-02 1.32E-07 15.8 0.084
5.337769E-02 3.95E-07 13.6 0.037 0.204 1.674230E-02 1.31E-07 15.6 -0.128 0.220
5.337714E-02 4.41E-07 16.0 -0.133 1.674236E-02 1.27E-07 15.2 -0.185
5.337739E-02 3.41E-07 14.5 0.062 0.212 1.674229E-02 1.18E-07 14.1 -0.105 0.208
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni
 standard) 
APPENDIX 3: MC-ICPMS data
ANION  AG 1X4
Ni std Aristar 1 (6743)
Col. Proc Aristar 1 (6744)
Ni std Aristar 2 (6745)
Col. Proc. Aristar 2 (6746)
Ni std Aristar 3 (6747)
Col. Proc. Aristar 3 (6748)
Ni std Aristar 4 (6749)
Col.Proc Aristar 4 (6750)
Ni std Aristar 5 (6751)
Ni std Aristar 6 (6752)
Col. Proc Aristar 5 (6753)
Ni std Aristar 7 (6754)
Col. Proc Aristar 6 (6755)
Ni std Aristar 8 (6756)
Col. Proc Aristar 7 (6757)
Ni std Aristar 9 (6758)
Col. Proc Aristar 8 (6759)
Ni std Aristar 10 (6760)
Ni std Aristar 1 (7170)
Col. Proc Aristar 1 (7171)
Ni std Aristar 2 (7172)
Col. Proc. Aristar 2 (7173)
Ni std Aristar 3 (7174)
Col. Proc. Aristar 3 (7175)
Ni std Aristar 4 (7176)
Col.Proc Aristar 4 (7177)
Ni std Aristar 5 (7178)
1.823725E-02 1.63E-07 0.4079699 2.75E-06
1.823325E-02 1.44E-07 -0.196 0.4078980 2.33E-06 -0.150
1.823639E-02 1.47E-07 0.4079486 2.35E-06
1.823281E-02 1.52E-07 -0.242 0.4078996 2.42E-06 -0.158
1.823807E-02 1.38E-07 0.4079794 2.46E-06
1.823353E-02 1.58E-07 -0.242 0.4079067 2.43E-06 -0.173
1.823782E-02 1.60E-07 0.4079752 2.60E-06
1.823464E-02 1.79E-07 -0.189 0.4079316 2.84E-06 -0.121
1.823834E-02 1.57E-07 0.4079867 2.35E-06
1.823956E-02 1.62E-07 0.4080044 2.30E-06
1.823645E-02 1.49E-07 -0.166 0.4079552 2.59E-06 -0.124
1.823939E-02 1.45E-07 0.4080068 2.52E-06
1.823636E-02 1.48E-07 -0.209 0.4079578 2.62E-06 -0.135
1.824094E-02 1.51E-07 0.4080191 2.65E-06
1.823847E-02 1.41E-07 -0.179 0.4079823 2.26E-06 -0.121
1.824254E-02 1.62E-07 0.4080439 2.60E-06
1.824157E-02 1.46E-07 -0.082 0.4080255 2.34E-06 -0.063
1.824358E-02 1.50E-07 0.4080583 2.49E-06
1.826654E-02 2.58E-07 0.4084138 3.99E-06
1.825767E-02 2.09E-07 -0.562 0.4082823 3.34E-06 -0.372
1.826935E-02 2.15E-07 0.4084547 3.31E-06
1.826021E-02 2.17E-07 -0.732 0.4083174 3.35E-06 -0.494
1.827783E-02 2.15E-07 0.4085835 3.19E-06
1.827066E-02 1.95E-07 -0.514 0.4084679 2.88E-06 -0.355
1.828230E-02 2.30E-07 0.4086427 3.74E-06
1.827254E-02 2.67E-07 -0.754 0.4085027 3.98E-06 -0.497
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Anion column chemistry (bracketed with Aristar Ni
 standard) 
APPENDIX 3: MC-ICPMS data
ANION  AG 1X4
1.829893E-02 2.96E-07 0.4088927 4.25E-06
1.828616E-02 2.19E-07 -0.699 0.4087023 3.61E-06 -0.475
1.829896E-02 2.45E-07 0.4089005 3.70E-06
1.828991E-02 2.27E-07 -0.612 0.4087630 3.26E-06 -0.407
1.830327E-02 2.72E-07 0.4089580 4.06E-06
1.829928E-02 2.42E-07 -0.536 0.4089087 3.70E-06 -0.343
1.831493E-02 2.44E-07 0.4091401 3.92E-06
1.830354E-02 3.18E-07 -0.821 0.4089691 4.58E-06 -0.551





Ni std Aristar 6 (7179)
Col. Proc Aristar 5 (7180)
Ni std Aristar 7 (7181)
Col. Proc Aristar 6 (7182)
Ni std Aristar 8 (7183)
Col. Proc Aristar 7 (7184)
Ni std Aristar 9 (7185)
Col. Proc Aristar 8 (7186)
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Table A3.1 (c) MC-ICPMS data for Column processed Aristar Ni standard processed through Ni resin column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





EICHROM  Ni resin
Ni std Aristar 1 (7343) 0.3852048 1.83E-06 9.5 5.339186E-02 4.95E-07 18.5
Col. Proc Aristar 1 (7344) 0.3852092 1.83E-06 9.5 0.119 0.139 5.339180E-02 4.43E-07 16.6 -0.079 0.254
Ni std Aristar 2 (7345) 0.3852044 2.05E-06 10.6 -0.010 5.339258E-02 5.31E-07 19.9 0.135
Col. Proc. Aristar 2 (7346) 0.3852157 1.71E-06 8.9 0.157 0.138 5.339316E-02 4.49E-07 16.8 0.038 0.258
Ni std Aristar 3 (7347) 0.3852149 2.03E-06 10.5 0.273 5.339333E-02 5.17E-07 19.4 0.140
Col. Proc. Aristar 3 (7348) 0.3852109 1.70E-06 8.8 -0.004 0.135 5.339250E-02 4.42E-07 16.6 0.046 0.255
Ni std Aristar 4 (7349) 0.3852072 1.92E-06 10.0 -0.200 5.339118E-02 5.17E-07 19.4 -0.403
Col.Proc Aristar 4 (7350) 0.3852055 1.74E-06 9.0 -0.010 0.133 5.339073E-02 4.78E-07 17.9 -0.113 0.262
Ni std Aristar 5 (7351) 0.3852046 1.86E-06 9.7 -0.067 5.339149E-02 5.04E-07 18.9 0.058
Ni std Aristar 1 (7212) 0.3852288 1.81E-06 9.4 5.338404E-02 4.73E-07 17.7
Col. Proc Aristar DMG 1 (7213) 0.3852296 2.04E-06 10.6 0.075 0.147 5.338529E-02 4.95E-07 18.5 0.253 0.262
Ni std Aristar 2 (7214) 0.3852246 2.12E-06 11.0 -0.109 5.338384E-02 5.12E-07 19.2 -0.037
Ni std Aristar 0.3851893 2.08E-06 10.8 5.340228E-02 4.47E-07 16.7
Col. Proc Aristar DMG 0.3851898 2.07E-06 10.7 -0.035 0.153 5.340287E-02 4.88E-07 18.3 -0.042 0.249
Ni std Aristar 0.3851930 2.10E-06 10.9 0.096 5.340391E-02 4.59E-07 17.2 0.305
Col. Proc Aristar DMG 0.3851847 2.28E-06 11.8 -0.134 0.163 5.340243E-02 5.42E-07 20.3 -0.211 0.273
Ni std Aristar 0.3851867 2.20E-06 11.4 -0.164 5.340320E-02 5.11E-07 19.1 -0.133
Col. Proc Aristar DMG 0.3851790 2.35E-06 12.2 -0.092 0.175 5.340202E-02 5.77E-07 21.6 -0.144 0.290
Ni std Aristar 0.3851784 2.63E-06 13.7 -0.215 5.340238E-02 5.25E-07 19.7 -0.154
Col. Proc Aristar DMG 0.3851781 2.52E-06 13.1 -0.060 0.187 5.340326E-02 5.54E-07 20.7 0.009 0.286
Ni std Aristar 0.3851824 2.49E-06 12.9 0.104 5.340404E-02 5.29E-07 19.8 0.311
Col. Proc Aristar DMG 0.3851789 2.83E-06 14.7 -0.031 0.199 5.340372E-02 5.43E-07 20.3 0.032 0.282
Ni std Aristar 0.3851778 2.66E-06 13.8 -0.119 5.340306E-02 5.13E-07 19.2 -0.184
mean (all) -0.001 -0.021
2 sd 0.185 0.258
2 se 0.058 0.082
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Ni spec column chemistry (bracketed with Aristar 
Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






Ni std Aristar 1 (7343)
Col. Proce Aristar 1 (7344)
Ni std Aristar 2 (7345)
Col. Proc. Aristar 2 (7346)
Ni std Aristar 3 (7347)
Col. Proc. Aristar 3 (7348)
Ni std Aristar 4 (7349)
Col.Proc Aristar 4 (7350)
Ni std Aristar 5 (7351)
Ni std Aristar 1 (7212)
Col. Proce Aristar DMG 1 (7213)
Ni std Aristar 2 (7214)
0.3851918 1.42E-06 7.4 1.674342E-02 1.17E-07 14.0
0.3851952 1.51E-06 7.8 0.109 0.108 1.674344E-02 1.05E-07 12.5 0.063 0.192
0.3851902 1.46E-06 7.6 -0.042 1.674325E-02 1.26E-07 15.1 -0.102
0.3851988 1.21E-06 6.3 0.179 0.095 1.674311E-02 1.07E-07 12.8 -0.030 0.196
0.3851936 1.29E-06 6.7 0.088 1.674307E-02 1.23E-07 14.7 -0.108
0.3851982 1.21E-06 6.3 0.106 0.093 1.674327E-02 1.05E-07 12.5 -0.033 0.193
0.3851946 1.33E-06 6.9 0.026 1.674358E-02 1.23E-07 14.7 0.305
0.3851954 1.24E-06 6.4 0.016 0.094 1.674369E-02 1.13E-07 13.5 0.087 0.198
0.3851950 1.32E-06 6.9 0.010 1.674351E-02 1.20E-07 14.3 -0.042
0.3852426 1.50E-06 7.8 1.674528E-02 1.12E-07 13.4
0.3852397 1.51E-06 7.8 -0.066 0.110 1.674498E-02 1.17E-07 14.0 -0.191 0.197
0.3852419 1.45E-06 7.5 -0.018 1.674532E-02 1.21E-07 14.5 0.024
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar






0.3851364 1.82E-06 9.5 1.674095E-02 1.06E-07 12.7
0.3851353 1.89E-06 9.8 -0.005 0.141 1.674081E-02 1.16E-07 13.9 0.033 0.189
0.3851346 2.05E-06 10.6 -0.047 1.674056E-02 1.09E-07 13.0 -0.233
0.3851335 2.01E-06 10.4 0.017 0.146 1.674091E-02 1.28E-07 15.3 0.158 0.206
0.3851311 1.86E-06 9.7 -0.091 1.674073E-02 1.21E-07 14.5 0.102
0.3851306 2.62E-06 13.6 0.066 0.181 1.674101E-02 1.37E-07 16.4 0.108 0.220
0.3851250 2.69E-06 14.0 -0.158 1.674093E-02 1.24E-07 14.8 0.119
0.3851249 2.35E-06 12.2 -0.029 0.180 1.674072E-02 1.31E-07 15.7 -0.006 0.216
0.3851270 2.39E-06 12.4 0.052 1.674053E-02 1.25E-07 14.9 -0.239
0.3851232 2.85E-06 14.8 -0.017 0.204 1.674061E-02 1.29E-07 15.4 -0.021 0.213
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Ni spec column chemistry (bracketed with Aristar Ni 
standard) 






Ni std Aristar 1 (7343)
Col. Proce Aristar 1 (7344)
Ni std Aristar 2 (7345)
Col. Proc. Aristar 2 (7346)
Ni std Aristar 3 (7347)
Col. Proc. Aristar 3 (7348)
Ni std Aristar 4 (7349)
Col.Proc Aristar 4 (7350)
Ni std Aristar 5 (7351)
Ni std Aristar 1 (7212)
Col. Proce Aristar DMG 1 (7213)
Ni std Aristar 2 (7214)
5.338989E-02 3.87E-07 14.5 1.674387E-02 1.19E-07 14.2
5.338897E-02 4.13E-07 15.5 -0.214 0.213 1.674359E-02 1.18E-07 14.1 -0.176 0.206
5.339034E-02 3.98E-07 14.9 0.084 1.674390E-02 1.33E-07 15.9 0.018
5.338798E-02 3.30E-07 12.4 -0.355 0.187 1.674317E-02 1.11E-07 13.3 -0.233 0.206
5.338941E-02 3.51E-07 13.1 -0.174 1.674322E-02 1.32E-07 15.8 -0.406
5.338816E-02 3.30E-07 12.4 -0.208 0.182 1.674348E-02 1.10E-07 13.1 0.006 0.202
5.338913E-02 3.62E-07 13.6 -0.052 1.674372E-02 1.24E-07 14.8 0.299
5.338893E-02 3.40E-07 12.7 -0.029 0.186 1.674383E-02 1.13E-07 13.5 0.015 0.199
5.338904E-02 3.60E-07 13.5 -0.017 1.674389E-02 1.20E-07 14.3 0.102
5.337603E-02 4.09E-06 153.3 1.674232E-02 1.17E-07 14.0
5.337683E-02 4.11E-07 15.4 0.129 1.100 1.674227E-02 1.32E-07 15.8 -0.110 0.219
5.337625E-02 3.96E-07 14.8 0.041 1.674259E-02 1.37E-07 16.4 0.161
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar






5.3405020E-02 4.96E-07 18.6 1.674488E-02 1.35E-07 16.1
5.3405310E-02 5.15E-07 19.3 0.009 0.276 1.674485E-02 1.34E-07 16.0 0.054 0.228
5.3405500E-02 5.59E-07 20.9 0.090 1.674464E-02 1.36E-07 16.2 -0.143
5.3405800E-02 5.49E-07 20.6 -0.025 0.286 1.674517E-02 1.47E-07 17.6 0.197 0.242
5.3406370E-02 5.04E-07 18.9 0.163 1.674504E-02 1.43E-07 17.1 0.239
5.3406600E-02 7.14E-07 26.7 -0.122 0.356 1.674555E-02 1.52E-07 18.2 0.143 0.261
5.3408130E-02 7.33E-07 27.4 0.330 1.674558E-02 1.70E-07 20.3 0.322
5.3408160E-02 6.42E-07 24.0 0.056 0.354 1.674560E-02 1.63E-07 19.5 0.090 0.277
5.3407590E-02 6.51E-07 24.4 -0.101 1.674532E-02 1.61E-07 19.2 -0.155
5.3408620E-02 7.78E-07 29.1 0.032 0.400 1.674555E-02 1.83E-07 21.9 0.048 0.296
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Column processed Aristar Ni standard processed through Ni spec column chemistry (bracketed with Aristar 
Ni standard) 
APPENDIX 3: MC-ICPMS data
EICHROM Ni resin
Ni std Aristar 1 (7343)
Col. Proc Aristar 1 (7344)
Ni std Aristar 2 (7345)
Col. Proc. Aristar 2 (7346)
Ni std Aristar 3 (7347)
Col. Proc. Aristar 3 (7348)
Ni std Aristar 4 (7349)
Col.Proc Aristar 4 (7350)
Ni std Aristar 5 (7351)
Ni std Aristar 1 (7212)
Col. Proc Aristar DMG 1 (7213)
Ni std Aristar 2 (7214)
1.827878E-02 1.94E-07 0.4085716 2.98E-06
1.826486E-02 1.92E-07 -0.925 0.4083681 3.22E-06 -0.612
1.828475E-02 1.81E-07 0.4086645 2.70E-06
1.827394E-02 1.63E-07 -0.785 0.4085103 2.44E-06 -0.516
1.829184E-02 1.81E-07 0.4087779 2.64E-06
1.827230E-02 1.66E-07 -1.053 0.4084835 2.57E-06 -0.702
1.829130E-02 1.93E-07 0.4087627 2.56E-06
1.827796E-02 2.15E-07 -1.013 0.4085613 3.32E-06 -0.681
1.830168E-02 1.61E-07 0.4089164 2.56E-06
1.830659E-02 3.27E-07 0.4090170 5.15E-06
1.829679E-02 2.58E-07 -1.041 0.4088673 4.22E-06 -0.694
1.832514E-02 3.59E-07 0.4092852 5.39E-06
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar
Col. Proc Aristar DMG
Ni std Aristar






1.819804E-02 4.33E-07  0.4073463 7.06E-06  
1.820883E-02 5.73E-07 0.154 0.4075106 8.47E-06 0.110
1.821401E-02 4.92E-07  0.4075855 7.53E-06  
1.821509E-02 4.41E-07 -0.171 0.4075938 6.96E-06 -0.131
1.822241E-02 4.97E-07  0.4077085 7.57E-06  
1.824109E-02 6.20E-07 -0.103 0.4079771 9.49E-06 -0.092
1.826351E-02 5.82E-07  0.4083209 9.58E-06  
1.824916E-02 6.48E-07 -0.960 0.4080935 9.75E-06 -0.675
1.826990E-02 5.80E-07  0.4084176 9.22E-06  
1.826681E-02 6.03E-07 -0.369 0.4083632 9.79E-06 -0.255
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Table A3.1 (a) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Aristar Ni std 0.3851744 2.01E-06 10.4 5.338249E-02 4.78E-07 17.9
Aristar Ni std 0.3851687 2.01E-06 10.4 -0.148 5.338049E-02 4.42E-07 16.6 -0.375
Gujba 0.3851634 1.88E-06 9.8 -0.158 0.139 5.338276E-02 4.59E-07 17.2 0.406 0.243
Aristar Ni std 0.3851703 1.82E-06 9.5 0.042 5.338070E-02 4.71E-07 17.6 0.039
Gujba 0.3851622 1.98E-06 10.3 -0.188 0.140 5.338200E-02 4.87E-07 18.2 0.327 0.256
Aristar Ni std 0.3851686 1.83E-06 9.5 -0.044 5.337981E-02 4.89E-07 18.3 -0.167
Gujba 0.3851689 2.06E-06 10.7 -0.043 0.145 5.338270E-02 4.66E-07 17.5 0.497 0.248
Aristar Ni std 0.3851725 1.92E-06 10.0 0.101 5.338028E-02 4.51E-07 16.9 0.088
Gujba 0.3851621 1.99E-06 10.3 -0.252 0.143 5.338024E-02 4.66E-07 17.5 0.095 0.245
Aristar Ni std 0.3851711 1.86E-06 9.7 -0.036 5.337919E-02 4.67E-07 17.5 -0.204
Gujba 0.3851626 2.03E-06 10.5 -0.118 0.144 5.338033E-02 4.97E-07 18.6 0.407 0.253
Aristar Ni std 0.3851632 1.90E-06 9.9 -0.205 5.337712E-02 4.51E-07 16.9 -0.388
Gujba 0.3851580 2.22E-06 11.5 -0.167 0.155 5.337923E-02 4.90E-07 18.4 0.215 0.253
Aristar Ni std 0.3851657 2.08E-06 10.8 0.065 5.337904E-02 4.78E-07 17.9 0.360
Gujba 0.3851579 2.29E-06 11.9 -0.260 0.163 5.337927E-02 5.01E-07 18.8 -0.078 0.256
Aristar Ni std 0.3851701 2.19E-06 11.4 0.114 5.338033E-02 4.47E-07 16.7 0.242
mean (TEVA) -0.180 0.239
2 sd 0.152 0.408
2 se 0.054 0.144
n 8 8
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni 
standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se







Aristar Ni std 










Aristar Ni std 
Gujba
Aristar Ni std 
Gujba





0.3851979 1.95E-06 10.1 1.674575E-02 1.13E-07 13.5
0.3852009 1.91E-06 9.9 0.078 1.674622E-02 1.05E-07 12.5 0.281
0.3851849 1.77E-06 9.2 -0.401 0.129 1.674566E-02 1.10E-07 13.1 -0.319 0.185
0.3851998 1.54E-06 8.0 -0.029 1.674617E-02 1.12E-07 13.4 -0.030
0.3851851 1.75E-06 9.1 -0.391 0.121 1.674586E-02 1.16E-07 13.9 -0.218 0.194
0.3852005 1.56E-06 8.1 0.018 1.674628E-02 1.16E-07 13.9 0.066
0.3851864 1.75E-06 9.1 -0.393 0.120 1.674599E-02 1.11E-07 13.3 -0.140 0.188
0.3852026 1.48E-06 7.7 0.055 1.674617E-02 1.07E-07 12.8 -0.066
0.3851917 1.69E-06 8.8 -0.339 0.120 1.674618E-02 1.11E-07 13.3 -0.072 0.186
0.3852069 1.68E-06 8.7 0.112 1.674643E-02 1.11E-07 13.3 0.155
0.3851924 2.19E-06 11.4 -0.353 0.147 1.674616E-02 1.18E-07 14.1 -0.308 0.192
0.3852051 1.90E-06 9.9 -0.047 1.674692E-02 1.07E-07 12.8 0.293
0.3851893 2.22E-06 11.5 -0.343 0.159 1.674642E-02 1.16E-07 13.9 -0.161 0.191
0.3851999 2.28E-06 11.8 -0.135 1.674646E-02 1.13E-07 13.5 -0.275
0.3851911 2.87E-06 14.9 -0.213 0.184 1.674641E-02 1.19E-07 14.2 0.060 0.193
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni 
standard) 
APPENDIX 3: MC-ICPMS data




Program changed during measurement 
5.338753E-02 4.25E-07 15.9 1.674621E-02
1.18E-07 14.1
5.339138E-02 4.77E-07 17.9 0.775 0.237 1.674620E-02
1.33E-07 15.9 0.069 0.215
5.338695E-02 4.03E-07 15.1 -0.109 1.674596E-02
1.24E-07 14.8 -0.149
5.338994E-02 4.61E-07 17.3 0.670 0.237 1.674664E-02
1.29E-07 15.4 0.376 0.212
5.338578E-02 4.58E-07 17.2 -0.219 1.674606E-02
1.20E-07 14.3 0.060
5.338973E-02 5.98E-07 22.4 0.694 0.289 1.674660E-02
1.31E-07 15.6 0.173 0.213
5.338627E-02 5.18E-07 19.4 0.092 1.674656E-02
1.23E-07 14.7 0.299
5.339059E-02 6.05E-07 22.7 0.677 0.312 1.674690E-02
1.44E-07 17.2 0.248 0.231
5.338768E-02 6.22E-07 23.3 0.264 1.674641E-02
1.34E-07 16.0 -0.090
5.338997E-02 7.89E-07 29.6 0.398 0.365 1.674691E-02
1.49E-07 17.8 0.385 0.243











Aristar Ni std 
Aristar Ni std 
Gujba
Aristar Ni std 
Gujba
Aristar Ni std 
Gujba
Aristar Ni std 
Gujba
Aristar Ni std 
Gujba
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with Aristar Ni standard) 























1.824530E-02 1.95E-07 0.4080000 3.09E-06
1.825253E-02 1.72E-07 0.4081431 3.48E-06
1.825775E-02 1.77E-07 0.232 0.4082151 3.11E-06 0.140
1.825450E-02 1.84E-07 0.4081729 3.17E-06
1.825732E-02 1.84E-07 0.095 0.4082059 3.12E-06 0.043
1.825668E-02 1.51E-07 0.4082034 2.71E-06
1.825933E-02 1.62E-07 0.152 0.4082428 3.23E-06 0.311
1.825642E-02 1.67E-07 0.4080280 2.74E-06
1.825941E-02 1.65E-07 0.129 0.4082372 3.05E-06 0.274
1.825769E-02 1.74E-07 0.4082224 3.01E-06
1.826030E-02 2.10E-07 0.157 0.4082517 4.10E-06 0.091
1.825718E-02 1.65E-07 0.4082063 3.47E-06
1.825871E-02 2.27E-07 0.047 0.4082241 4.21E-06 0.010
1.825852E-02 2.01E-07 0.4082340 4.02E-06
1.826065E-02 2.50E-07 0.154 0.4082502 5.38E-06 0.067
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Table A3.1 (b) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 62Ni/58Ni ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 23  08
Ni std SRM 986 1 (7271) 0.3852148 1.86E-06 9.7 5.339431E-02 4.46E-07 16.7
Gujba A 1 (7272) 0.3852125 1.94E-06 10.1 -0.099 0.137 5.339609E-02 4.61E-07 17.3 0.467 0.242
Ni std SRM 986 2 (7273) 0.3852178 1.71E-06 8.9 0.078 5.339288E-02 4.59E-07 17.2 -0.268
Gujba A 2 (7274) 0.3852117 1.86E-06 9.7 -0.101 0.131 5.339522E-02 4.74E-07 17.8 0.656 0.247
Ni std SRM 986 3 (7275) 0.3852134 1.72E-06 8.9 -0.114 5.339055E-02 4.60E-07 17.2 -0.436
Gujba A 3 (7276) 0.3852085 1.83E-06 9.5 -0.149 0.131 5.339446E-02 4.35E-07 16.3 0.554 0.238
Ni std SRM 986 4 (7277) 0.3852151 1.77E-06 9.2 0.044 5.339245E-02 4.68E-07 17.5 0.356
Gujba A 4 (7278) 0.3852025 1.73E-06 9.0 -0.327 0.128 5.339324E-02 4.25E-07 15.9 0.157 0.229
Ni std SRM 986 4 (7279) 0.3852151 1.75E-06 9.1 0.000 5.339235E-02 4.07E-07 15.2 -0.019
Ni std SRM 986 6 (7280) 0.3852166 1.76E-06 9.1 5.339191E-02 4.77E-07 17.9
Gujba A 5 (7281) 0.3851981 1.95E-06 10.1 -0.440 0.144 5.339133E-02 4.80E-07 18.0 0.002 0.259
Ni std SRM 986 7 (7282) 0.3852135 2.14E-06 11.1 -0.080 5.339073E-02 5.21E-07 19.5 -0.221
Gujba A 6 (7283) 0.3851989 1.96E-06 10.2 -0.295 0.143 5.339225E-02 4.91E-07 18.4 0.228 0.260
Ni std SRM 986 8 (7284) 0.3852070 1.70E-06 8.8 -0.169 5.339134E-02 4.62E-07 17.3 0.114
Gujba A 7 (7285) 0.3851926 1.87E-06 9.7 -0.360 0.131 5.339180E-02 4.81E-07 18.0 0.132 0.248
Ni std SRM 986 9 (7286) 0.3852059 1.66E-06 8.6 -0.029 5.339085E-02 4.47E-07 16.7 -0.092
Gujba A 8 (7287) 0.3851943 1.73E-06 9.0 -0.283 0.128 5.339260E-02 4.32E-07 16.2 0.339 0.240
Ni std SRM 986 10 (7288) 0.3852045 1.85E-06 9.6 -0.036 5.339073E-02 5.01E-07 18.8 -0.022
Ni std SRM 986 6 (7289) 0.3852086 1.98E-06 10.3 5.339149E-02 4.68E-07 17.5
Gujba A 9(7290) 0.3852008 1.69E-06 8.8 -0.199 0.134 5.339340E-02 4.35E-07 16.3 0.361 0.247
Ni std SRM 986 7 (7291) 0.3852083 1.94E-06 10.1 -0.008 5.339145E-02 5.19E-07 19.4 -0.007
Gujba A 6 (7292) 0.3852021 1.56E-06 8.1 -0.174 0.129 5.339322E-02 4.72E-07 17.7 0.361 0.256
Ni std SRM 986 8 (7293) 0.3852093 1.93E-06 10.0 0.026 5.339114E-02 4.71E-07 17.6 -0.058
mean (ANION) -0.243 0.326
2 sd 0.231 0.403
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Table A3.1 (b) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST 
SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
62Ni/58Ni normalised data
APPENDIX 3: MC-ICPMS data




0.38519280 1.39E-06 7.2 1.674284E-02 1.06E-07 12.7
0.38518340 1.64E-06 8.5 -0.350 0.110 1.674242E-02 1.09E-07 13.0 -0.352 0.183
0.38520100 1.32E-06 6.9 0.213 1.674318E-02 1.09E-07 13.0 0.203
0.38518160 1.60E-06 8.3 -0.518 0.107 1.674261E-02 1.13E-07 13.5 -0.505 0.188
0.38520210 1.27E-06 6.6 0.029 1.674373E-02 1.09E-07 13.0 0.328
0.38518510 1.41E-06 7.3 -0.413 0.098 1.674280E-02 1.03E-07 12.3 -0.421 0.180
0.38519990 1.24E-06 6.4 -0.057 1.674328E-02 1.11E-07 13.3 -0.269
0.38518210 1.55E-06 8.0 -0.496 0.107 1.674309E-02 1.01E-07 12.1 -0.122 0.173
0.38520250 1.45E-06 7.5 0.067 1.674331E-02 9.65E-08 11.5 0.018
0.38520350 1.23E-06 6.4 1.674341E-02 1.13E-07 13.5
0.38518820 1.66E-06 8.6 -0.382 0.113 1.674355E-02 1.14E-07 13.6 0.000 0.197
0.38520230 1.54E-06 8.0 -0.031 1.674369E-02 1.24E-07 14.8 0.167
0.38518630 1.54E-06 8.0 -0.341 0.107 1.674333E-02 1.17E-07 14.0 -0.173 0.198
0.38519660 1.16E-06 6.0 -0.148 1.674355E-02 1.10E-07 13.1 -0.084
0.38518270 1.36E-06 7.1 -0.354 0.093 1.674344E-02 1.14E-07 13.6 -0.099 0.188
0.38519610 1.20E-06 6.2 -0.013 1.674366E-02 1.06E-07 12.7 0.066
0.38518080 1.36E-06 7.1 -0.400 0.096 1.674324E-02 1.03E-07 12.3 -0.260 0.182
0.38519630 1.28E-06 6.6 0.005 1.674369E-02 1.19E-07 14.2 0.018
0.38519750 1.56E-06 8.1 1.674351E-02 1.11E-07 13.3
0.38518200 1.31E-06 6.8 -0.402 0.106 1.674306E-02 1.03E-07 12.3 -0.272 0.186
0.38519750 1.58E-06 8.2 0.000 1.674352E-02 1.23E-07 14.7 0.006
0.38518160 1.23E-06 6.4 -0.421 0.101 1.674310E-02 1.12E-07 13.4 -0.272 0.194





April 23  08
Ni std SRM 986 1 (7271)
Gujba A 1 (7272)
Ni std SRM 986 2 (7273)
Gujba A 2 (7274)
Ni std SRM 986 3 (7275)
Gujba A 3 (7276)
Ni std SRM 986 4 (7277)
Gujba A 4 (7278)
Ni std SRM 986 4 (7279)
Ni std SRM 986 6 (7280)
Gujba A 5 (7281)
Ni std SRM 986 7 (7282)
Gujba A 6 (7283)
Ni std SRM 986 8 (7284)
Gujba A 7 (7285)
Ni std SRM 986 9 (7286)
Gujba A 8 (7287)
Ni std SRM 986 10 (7288)
Ni std SRM 986 6 (7289)
Gujba A 9(7290)
Ni std SRM 986 7 (7291)
Gujba A 6 (7292)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data




0.0533896 3.80E-07 14.2 1.674323E-02 1.20E-07 14.3
0.0533922 4.48E-07 16.8 0.689 0.218 1.674338E-02 1.26E-07 15.1 0.149 0.204
0.0533874 3.60E-07 13.5 -0.420 1.674303E-02 1.11E-07 13.3 -0.119
0.0533927 4.35E-07 16.3 1.020 0.210 1.674342E-02 1.20E-07 14.3 0.149 0.195
0.0533871 3.45E-07 12.9 -0.054 1.674331E-02 1.11E-07 13.3 0.167
0.0533917 3.84E-07 14.4 0.811 0.192 1.674363E-02 1.18E-07 14.1 0.224 0.195
0.0533877 3.37E-07 12.6 0.109 1.674320E-02 1.15E-07 13.7 -0.066
0.0533925 4.24E-07 15.9 0.975 0.210 1.674402E-02 1.12E-07 13.4 0.487 0.191
0.0533870 3.95E-07 14.8 -0.129 1.674321E-02 1.14E-07 13.6 0.006
0.0533867 3.37E-07 12.6 1.674311E-02 1.14E-07 13.6
0.0533909 4.52E-07 16.9 0.750 0.221 1.674431E-02 1.26E-07 15.0 0.657 0.213
0.0533870 4.19E-07 15.7 0.062 1.674331E-02 1.38E-07 16.5 0.119
0.0533914 4.20E-07 15.7 0.673 0.210 1.674425E-02 1.27E-07 15.2 0.436 0.213
0.0533886 3.16E-07 11.8 0.294 1.674373E-02 1.10E-07 13.1 0.251
0.0533924 3.70E-07 13.9 0.696 0.184 1.674666E-02 1.21E-07 14.5 1.729 0.195
0.0533887 3.28E-07 12.3 0.024 1.674380E-02 1.10E-07 13.1 0.042
0.0533929 3.72E-07 13.9 0.786 0.189 1.674455E-02 1.12E-07 13.4 0.421 0.192
0.0533887 3.50E-07 13.1 -0.009 1.674389E-02 1.20E-07 14.3 0.054
0.0533883 4.25E-07 15.9 1.674361E-02 1.27E-07 15.2
0.0533926 3.56E-07 13.3 0.792 0.208 1.674413E-02 1.09E-07 13.0 0.299 0.199
0.0533884 4.30E-07 16.1 0.004 1.674365E-02 1.25E-07 14.9 0.024
0.0533927 3.34E-07 12.5 0.823 0.197 1.674405E-02 1.01E-07 12.1 0.260 0.192





April 23  08
Ni std SRM 986 1 (7271)
Gujba A 1 (7272)
Ni std SRM 986 2 (7273)
Gujba A 2 (7274)
Ni std SRM 986 3 (7275)
Gujba A 3 (7276)
Ni std SRM 986 4 (7277)
Gujba A 4 (7278)
Ni std SRM 986 4 (7279)
Ni std SRM 986 6 (7280)
Gujba A 5 (7281)
Ni std SRM 986 7 (7282)
Gujba A 6 (7283)
Ni std SRM 986 8 (7284)
Gujba A 7 (7285)
Ni std SRM 986 9 (7286)
Gujba A 8 (7287)
Ni std SRM 986 10 (7288)
Ni std SRM 986 6 (7289)
Gujba A 9(7290)
Ni std SRM 986 7 (7291)
Gujba A 6 (7292)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION AG 1X4
1.824751E-02 1.55E-07 0.4081156 2.42E-06
1.825267E-02 2.10E-07 0.331 0.4081904 3.40E-06 0.216
1.824574E-02 1.93E-07 0.4080887 3.13E-06
1.824670E-02 1.79E-07 0.113 0.4080978 3.09E-06 0.067
1.824352E-02 1.54E-07 0.4080525 2.35E-06
1.824665E-02 2.17E-07 0.226 0.4080926 3.59E-06 0.132
1.824154E-02 1.53E-07 0.4080246 2.16E-06
1.824748E-02 1.70E-07 0.235 0.4080988 2.80E-06 0.118
1.824486E-02 1.96E-07 0.4080770 2.98E-06
1.823791E-02 1.55E-07 0.4079712 2.20E-06
1.824023E-02 1.85E-08 0.214 0.4079896 3.13E-06 0.107
1.823476E-02 2.21E-07 0.4079207 3.49E-06
1.823358E-02 1.86E-07 0.087 0.4078904 2.97E-06 0.036
1.822924E-02 1.41E-07 0.4078304 2.16E-06
1.823595E-02 1.67E-07 0.334 0.4079153 2.54E-06 0.183
1.823047E-02 1.49E-07 0.4078510 2.18E-06
1.823503E-02 1.45E-07 0.282 0.4079049 2.32E-06 0.157
1.822932E-02 1.61E-07 0.4078307 2.51E-06
1.821676E-02 1.77E-07 0.4076441 3.01E-06
1.822029E-02 1.80E-08 0.238 0.4076919 2.71E-06 0.143
1.821515E-02 1.89E-07 0.4076231 3.04E-06
1.822233E-02 1.53E-07 0.360 0.4077197 2.05E-06 0.215





April 23  08
Ni std SRM 986 1 (7271)
Gujba A 1 (7272)
Ni std SRM 986 2 (7273)
Gujba A 2 (7274)
Ni std SRM 986 3 (7275)
Gujba A 3 (7276)
Ni std SRM 986 4 (7277)
Gujba A 4 (7278)
Ni std SRM 986 4 (7279)
Ni std SRM 986 6 (7280)
Gujba A 5 (7281)
Ni std SRM 986 7 (7282)
Gujba A 6 (7283)
Ni std SRM 986 8 (7284)
Gujba A 7 (7285)
Ni std SRM 986 9 (7286)
Gujba A 8 (7287)
Ni std SRM 986 10 (7288)
Ni std SRM 986 6 (7289)
Gujba A 9(7290)
Ni std SRM 986 7 (7291)
Gujba A 6 (7292)
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Table A3.1 (c) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3851969 1.80E-06 9.3   5.340567E-02 4.82E-07 18.1   
Gujba 1 0.3851845 2.12E-06 11.0 -0.244 0.142 5.340621E-02 5.57E-07 20.9 0.207 0.276
Ni std SRM 986 0.3851909 1.67E-06 8.7 -0.156 5.340454E-02 4.87E-07 18.2 -0.212
Gujba 2 0.3851851 2.46E-06 12.8 -0.158 0.159 5.340639E-02 5.59E-07 20.9 0.348 0.274
Ni std SRM 986 0.3851915 1.98E-06 10.3 0.016 5.340452E-02 4.53E-07 17.0 -0.004
Gujba 3 0.3851827 2.03E-06 10.5 -0.209 0.142 5.340598E-02 5.23E-07 19.6 0.214 0.258
Ni std SRM 986 0.3851900 1.70E-06 8.8 -0.039 5.340515E-02 4.42E-07 16.6 0.118
Gujba 4 0.3851845 2.03E-06 10.5 -0.141 0.141 5.340703E-02 4.95E-07 18.5 0.339 0.252
Ni std SRM 986 0.3851899 1.91E-06 9.9 -0.003 5.340529E-02 4.68E-07 17.5 0.026
Gujba 5 0.3851773 2.37E-06 12.3 -0.284 0.158 5.340601E-02 5.49E-07 20.6 0.188 0.271
Ni std SRM 986 0.3851866 1.92E-06 10.0 -0.086 5.340472E-02 4.71E-07 17.6 -0.107
mean (DMG) -0.207 0.259
2 sd 0.118 0.155
2 se 0.053 0.069
n 5 5
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.38513180 1.48E-06 7.7   1.674015E-02 1.14E-07 13.6   
0.38511820 1.78E-06 9.2 -0.360 0.120 1.674002E-02 1.32E-07 15.8 -0.155 0.209
0.38513230 1.48E-06 7.7 0.013 1.674041E-02 1.16E-07 13.9 0.155
0.38511430 1.93E-06 10.0 -0.419 0.131 1.673998E-02 1.33E-07 15.9 -0.260 0.207
0.38512860 1.75E-06 9.1 -0.096 1.674042E-02 1.07E-07 12.8 0.006
0.38511650 1.56E-06 8.1 -0.273 0.119 1.674007E-02 1.24E-07 14.8 -0.164 0.195
0.38512540 1.59E-06 8.3 -0.083 1.674027E-02 1.05E-07 12.5 -0.090
0.38511510 1.59E-06 8.3 -0.284 0.116 1.673982E-02 1.17E-07 14.0 -0.260 0.190
0.38512670 1.52E-06 7.9 0.034 1.674024E-02 1.11E-07 13.3 -0.018
0.38511150 1.88E-06 9.8 -0.387 0.135 1.674007E-02 1.30E-07 15.5 -0.140 0.205





Ni std SRM 986
Gujba 1
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Gujba 5
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c)  (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






0.0534063 4.05E-07 15.2   1.674438E-02 1.17E-07 14.0   
0.0534100 4.86E-07 18.2 0.710 0.237 1.674519E-02 1.37E-07 16.4 0.367 0.212
0.0534061 4.05E-07 15.2 -0.026 1.674477E-02 1.08E-07 12.9 0.233
0.0534111 5.26E-07 19.7 0.826 0.258 1.674515E-02 1.59E-07 19.0 0.236 0.237
0.0534072 4.79E-07 17.9 0.191 1.674474E-02 1.28E-07 15.3 -0.018
0.0534104 4.25E-07 15.9 0.534 0.234 1.674530E-02 1.31E-07 15.6 0.308 0.212
0.0534080 4.33E-07 16.2 0.165 1.674483E-02 1.10E-07 13.1 0.054
0.0534108 4.34E-07 16.3 0.559 0.227 1.674519E-02 1.32E-07 15.8 0.212 0.211
0.0534077 4.14E-07 15.5 -0.069 1.674484E-02 1.24E-07 14.8 0.006
0.0534118 5.12E-07 19.2 0.759 0.264 1.674566E-02 1.53E-07 18.3 0.427 0.235





Ni std SRM 986
Gujba 1
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Gujba 5
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG/ NI SPEC
1.814038E-02 4.13E-07  0.4064839 6.22E-06  
1.815516E-02 3.52E-07 0.692 0.4066945 5.58E-06 0.446
1.814484E-02 3.95E-07  0.4065421 5.88E-06  
1.816208E-02 3.69E-07 0.897 0.4067892 5.93E-06 0.571
1.814678E-02 3.69E-07  0.4065724 5.99E-06  
1.814570E-02 4.61E-07 -0.015 0.4065509 7.01E-06 -0.019
1.814518E-02 2.99E-07  0.4065450 4.75E-06  
1.815040E-02 2.94E-07 0.131 0.4066154 4.65E-06 0.067
1.815086E-02 2.77E-07  0.4066317 4.27E-06  
1.816615E-02 4.03E-07 0.692 0.4068530 6.45E-06 0.446





Ni std SRM 986
Gujba 1
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Gujba 5
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Table A3.1 (c) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3851904 1.93E-06 10.0   5.340037E-02 4.33E-07 16.2   
Gujba DMG 1 0.3851861 2.24E-06 11.6 -0.086 0.159 5.340047E-02 4.45E-07 16.7 0.105 0.244
Ni std SRM 986 0.3851884 2.25E-06 11.7  -0.052 5.339945E-02 5.14E-07 19.3  -0.172
Ni std SRM 986 0.3851857 1.91E-06 9.9 5.340029E-02 4.44E-07 16.6
Gujba 2 0.3851778 2.15E-06 11.2 -0.206 0.153 5.340004E-02 5.16E-07 19.3 -0.026 0.263
Ni std SRM 986 0.3851858 2.13E-06 11.1 0.003 5.340007E-02 5.09E-07 19.1 -0.041
Gujba 3 0.3851823 1.88E-06 9.8 -0.066 0.144 5.340119E-02 4.92E-07 18.4 0.257 0.262
Ni std SRM 986 0.3851839 1.93E-06 10.0 -0.049 5.339957E-02 4.87E-07 18.2 -0.094
Gujba 4 0.3851769 2.13E-06 11.1 -0.077 0.152 5.340012E-02 4.75E-07 17.8 0.273 0.264
Ni std SRM 986 0.3851758 2.09E-06 10.9 -0.210 5.339775E-02 5.54E-07 20.7 -0.341
Ni std SRM 986 0.3851799 2.18E-06 11.3   5.339730E-02 4.50E-07 16.9
Gujba 5 0.3851712 2.06E-06 10.7 -0.225 0.154 5.339755E-02 5.03E-07 18.8 -0.014 0.259
Ni std SRM 986 0.3851798 2.08E-06 10.8  -0.003 5.339795E-02 5.01E-07 18.8 0.122
Gujba 6 0.3851661 2.31E-06 12.0 -0.261 0.163 5.339765E-02 5.35E-07 20.0 -0.092 0.275
Ni std SRM 986 0.3851725 2.18E-06 11.3  -0.190 5.339833E-02 5.06E-07 19.0 0.071
Gujba 7 0.3851725 2.02E-06 10.5 -0.090 0.152 5.339820E-02 4.85E-07 18.2 -0.048 0.263
Ni std SRM 986 0.3851794 2.03E-06 10.5  0.179 5.339858E-02 5.08E-07 19.0 0.047
Gujba 8 0.3851715 2.30E-06 11.9 -0.101 0.162 5.339711E-02 5.23E-07 19.6 -0.076 0.275
Ni std SRM 986 0.3851714 2.20E-06 11.4  -0.208 5.339645E-02 5.26E-07 19.7  -0.399
Ni std SRM 986 0.3851846 1.88E-06 9.8   5.339674E-02 4.69E-07 17.6
Gujba 9 0.3851750 2.06E-06 10.7 -0.299 0.144 5.339841E-02 5.30E-07 19.9 0.308 0.259
Ni std SRM 986 0.3851884 1.85E-06 9.6  0.099 5.339679E-02 4.19E-07 15.7 0.009
Gujba 10 0.3851751 1.80E-06 9.3 -0.256 0.134 5.339634E-02 4.56E-07 17.1 -0.115 0.233
Ni std SRM 986 0.3851815 1.85E-06 9.6  -0.179 5.339712E-02 4.30E-07 16.1 0.062
Ni std SRM 986 0.3851820 1.73E-06 9.0   5.339007E-02 4.62E-07 17.3   
Gujba 11 0.3851734 2.02E-06 10.5 -0.247 0.143 5.339206E-02 4.71E-07 17.6 0.369 0.243
Ni std SRM 986 0.3851838 1.99E-06 10.3  0.047 5.339011E-02 4.30E-07 16.1  0.007
Gujba 12 0.3851737 2.39E-06 12.4 -0.304 0.166 5.339259E-02 4.82E-07 18.1 0.424 0.253
Ni std SRM 986 0.3851870 2.24E-06 11.6  0.083 5.339054E-02 5.10E-07 19.1  0.081
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Table A3.1 (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3851872 1.89E-06 9.8   5.339072E-02 4.70E-07 17.6   
Gujba 13 0.3851718 1.89E-06 9.8 -0.406 0.143 5.338992E-02 4.97E-07 18.6 -0.186 0.257
Ni std SRM 986 0.3851877 2.13E-06 11.1  0.013 5.339111E-02 4.77E-07 17.9  0.073
Gujba 14 0.3851803 1.96E-06 10.2 -0.139 0.146 5.339251E-02 4.56E-07 17.1 0.373 0.244
Ni std SRM 986 0.3851836 1.90E-06 9.9  -0.106 5.338993E-02 4.51E-07 16.9  -0.221
September
Ni std SRM 986 0.3851903 2.03E-06 10.5   5.340265E-02 4.52E-07 16.9   
Gujba 1 0.3851776 1.89E-06 9.8 -0.337 0.145 5.340281E-02 4.74E-07 17.8 0.038 0.245
Ni std SRM 986 0.3851909 2.08E-06 10.8 0.016 5.340256E-02 4.50E-07 16.9 -0.017
Gujba 2 0.3851826 1.76E-06 9.1 -0.167 0.139 5.340410E-02 4.54E-07 17.0 0.401 0.237
Ni std SRM 986 0.3851872 1.95E-06 10.1 -0.096 5.340136E-02 4.35E-07 16.3 -0.225
Gujba 3 0.3851833 1.96E-06 10.2 -0.095 0.145 5.340403E-02 4.79E-07 17.9 0.517 0.245
Ni std SRM 986 0.3851867 2.04E-06 10.6 -0.013 5.340118E-02 4.55E-07 17.0 -0.034
Gujba 4 0.3851777 2.19E-06 11.4 -0.271 0.156 5.340410E-02 5.18E-07 19.4 0.360 0.259
Ni std SRM 986 0.3851896 2.07E-06 10.7 0.075 5.340317E-02 4.59E-07 17.2 0.373
Gujba 5 0.3851795 2.21E-06 11.5 -0.244 0.152 5.340424E-02 4.84E-07 18.1 0.254 0.251
Ni std SRM 986 0.3851882 1.75E-06 9.1 -0.036 5.340260E-02 4.65E-07 17.4 -0.107
mean (DMG) -0.204 0.164
2 sd 0.201 0.442
2 se 0.046 0.101
n 19 19
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.38514560 1.67E-06 8.7   1.674140E-02 1.03E-07 12.3   
0.38514170 1.94E-06 10.1 -0.100 0.135 1.674138E-02 1.06E-07 12.7 -0.078 0.185
0.38514550 1.78E-06 9.2 -0.003 1.674162E-02 1.22E-07 14.6  0.131
0.38514370 1.53E-06 7.9 1.674142E-02 1.05E-07 12.5   
0.38513490 1.69E-06 8.8 -0.195 0.116 1.674148E-02 1.22E-07 14.6 0.021 0.199
0.38514110 1.38E-06 7.2 -0.068 1.674147E-02 1.21E-07 14.5  0.030
0.38513340 1.72E-06 8.9 -0.200 0.114 1.674121E-02 1.17E-07 14.0 -0.191 0.199
0.38514110 1.37E-06 7.1 0.000 1.674159E-02 1.16E-07 13.9  0.072
0.38513300 1.87E-06 9.7 -0.190 0.120 1.674146E-02 1.13E-07 13.5 -0.206 0.200
0.38513950 1.35E-06 7.0 -0.042 1.674202E-02 1.31E-07 15.6  0.257
0.38514530 1.77E-06 9.2 1.674213E-02 1.07E-07 12.8   
0.38513560 1.87E-06 9.7 -0.227 0.132 1.674207E-02 1.19E-07 14.2 0.009 0.196
0.38514340 1.67E-06 8.7 -0.049 1.674198E-02 1.19E-07 14.2  -0.090
0.38513150 2.22E-06 11.5 -0.208 0.143 1.674205E-02 1.27E-07 15.2 0.069 0.208
0.38513560 1.57E-06 8.2 -0.203 1.674189E-02 1.20E-07 14.3  -0.054
0.38513470 1.76E-06 9.1 -0.131 0.124 1.674192E-02 1.15E-07 13.7 0.036 0.199
0.38514390 1.67E-06 8.7 0.216 1.674183E-02 1.21E-07 14.5  -0.036
0.38513660 2.22E-06 11.5 -0.177 0.150 1.674218E-02 1.24E-07 14.8 0.060 0.209
0.38514290 2.00E-06 10.4  -0.026 1.674233E-02 1.25E-07 14.9  0.299
0.38515470 1.29E-06 6.7   1.674226E-02 1.11E-07 13.3   
0.38513820 1.57E-06 8.2 -0.466 0.109 1.674187E-02 1.26E-07 15.1 -0.230 0.196
0.38515760 1.47E-06 7.6  0.075 1.674225E-02 9.93E-08 11.9  -0.006
0.38514440 1.13E-06 5.9 -0.226 0.097 1.674236E-02 1.08E-07 12.9 0.090 0.176
0.38514860 1.52E-06 7.9  -0.234 1.674217E-02 1.02E-07 12.2   
Ni std SRM 986
Gujba DMG 1
Ni std SRM 986
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Ni std SRM 986 
Gujba 5
Ni std SRM 986
Gujba 6
Ni std SRM 986
Gujba 7
Ni std SRM 986
Gujba 8
Ni std SRM 986
Ni std SRM 986
Gujba 9
Ni std SRM 986
Gujba 10
Ni std SRM 986
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (c)  (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.38517710 1.66E-06 8.6   1.674369E-02 1.11E-07 13.3   
0.38516610 1.56E-06 8.1 -0.279 0.119 1.674388E-02 1.18E-07 14.1 0.140 0.194
0.38517660 1.71E-06 8.9  -0.013 1.674360E-02 1.13E-07 13.5  -0.054
0.38516500 1.62E-06 8.4 -0.308 0.121 1.674327E-02 1.08E-07 12.9 -0.281 0.184
0.38517710 1.62E-06 8.4   1.674388E-02 1.07E-07 12.8  0.167
0.38513880 1.86E-06 9.7   1.674086E-02 1.07E-07 12.8   
0.38512470 1.82E-06 9.5 -0.357 0.137 1.674082E-02 1.12E-07 13.4 -0.030 0.185
0.38513810 1.95E-06 10.1 -0.018 1.674088E-02 1.07E-07 12.8 0.012
0.38512350 1.43E-06 7.4 -0.378 0.122 1.674052E-02 1.08E-07 12.9 -0.302 0.180
0.38513800 1.79E-06 9.3 -0.003 1.674117E-02 1.03E-07 12.3 0.173
0.38512390 1.77E-06 9.2 -0.387 0.136 1.674053E-02 1.14E-07 13.6 -0.394 0.186
0.38513960 2.06E-06 10.7 0.042 1.674121E-02 1.08E-07 12.9 0.024
0.38511970 1.71E-06 8.9 -0.460 0.134 1.674052E-02 1.23E-07 14.7 -0.272 0.196
0.38513520 1.79E-06 9.3 -0.114 1.674074E-02 1.09E-07 13.0 -0.281
0.38512160 1.99E-06 10.3 -0.351 0.133 1.674049E-02 1.15E-07 13.7 -0.188 0.190





Ni std SRM 986
Gujba 13
Ni std SRM 986
Gujba 14
Ni std SRM 986
September
Ni std SRM 986
Gujba 1
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3









0.38517570 1.67E-06 8.7   1.674385E-02 1.10E-07 13.1   
0.38515920 1.96E-06 10.2 -0.461 0.137 1.674337E-02 1.12E-07 13.4 -0.284 0.184
0.38517820 1.88E-06 9.8  0.065 1.674384E-02 1.02E-07 12.2  -0.006
0.38515730 2.39E-06 12.4 -0.554 0.165 1.674325E-02 1.14E-07 13.6 -0.320 0.191
0.38517910 2.28E-06 11.8  0.023 1.674373E-02 1.21E-07 14.5  -0.066
Ni std SRM 986
Gujba 11
Ni std SRM 986
Gujba 12
Ni std SRM 986
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






0.0534025 4.56E-07 17.1   1.674481E-02 1.25E-07 14.9   
0.0534036 5.28E-07 19.8 0.196 0.265 1.674508E-02 1.45E-07 17.3 0.122 0.237
0.0534025 4.85E-07 18.2 0.006 1.674494E-02 1.46E-07 17.4 0.078
0.0534030 4.19E-07 15.7 1.674511E-02 1.24E-07 14.8
0.0534054 4.60E-07 17.2 0.381 0.228 1.674562E-02 1.39E-07 16.6 0.308 0.228
0.0534037 3.78E-07 14.2 0.133 1.674510E-02 1.38E-07 16.5 -0.006
0.0534058 4.70E-07 17.6 0.400 0.226 1.674533E-02 1.22E-07 14.6 0.099 0.214
0.0534037 3.79E-07 14.2 -0.013 1.674523E-02 1.25E-07 14.9 0.078
0.0534059 5.09E-07 19.1 0.379 0.237 1.674568E-02 1.38E-07 16.5 0.113 0.227
0.0534042 3.69E-07 13.8 0.092 1.674575E-02 1.35E-07 16.1
0.0534026 4.83E-07 18.1 1.674548E-02 1.41E-07 16.8
0.0534052 5.10E-07 19.1 0.446 0.260 1.674604E-02 1.33E-07 15.9 0.331 0.229
0.0534031 4.56E-07 17.1 0.097 1.674549E-02 1.35E-07 16.1 0.006
0.0534064 6.07E-07 22.7 0.409 0.281 1.674638E-02 1.49E-07 17.8 0.391 0.243
0.0534052 4.29E-07 16.1 0.399 1.674596E-02 1.41E-07 16.8 0.281
0.0534055 4.82E-07 18.1 0.258 0.245 1.674596E-02 1.31E-07 15.6 0.131 0.226
0.0534030 4.57E-07 17.1 -0.427 1.674552E-02 1.32E-07 15.8 -0.263
0.0534050 6.07E-07 22.7 0.347 0.295 1.674603E-02 1.49E-07 17.8 0.149 0.242
0.0534032 5.46E-07 20.4  0.051 1.674604E-02 1.42E-07 17.0  0.311
0.0534000 3.52E-07 13.2 1.674518E-02 1.22E-07 14.6
0.0534045 4.28E-07 16.0 0.917 0.214 1.674580E-02 1.33E-07 15.9 0.442 0.215
0.0533992 4.01E-07 15.0 -0.148 1.674494E-02 1.20E-07 14.3 -0.143
0.0534028 3.08E-07 11.5 0.446 0.191 1.674580E-02 1.16E-07 13.9 0.382 0.199
0.0534017 4.15E-07 15.5  0.461 1.674538E-02 1.20E-07 14.3  0.263
0.0533943 4.55E-07 17.0 1.674535E-02 1.12E-07 13.4
0.0533988 5.34E-07 20.0 0.906 0.270 1.674591E-02 1.31E-07 15.6 0.370 0.213
0.0533936 5.12E-07 19.2 -0.124 1.674523E-02 1.29E-07 15.4 -0.072
0.0533993 6.52E-07 24.4 1.087 0.324 1.674589E-02 1.54E-07 18.4 0.457 0.246
0.0533934 6.21E-07 23.3  -0.047 1.674502E-02 1.45E-07 17.3  -0.125
Ni std SRM 986
Gujba DMG 1
Ni std SRM 986
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Ni std SRM 986 
Gujba 5
Ni std SRM 986
Gujba 6
Ni std SRM 986
Gujba 7
Ni std SRM 986
Gujba 8
Ni std SRM 986
Ni std SRM 986
Gujba 9
Ni std SRM 986
Gujba 10
Ni std SRM 986
Ni std SRM 986
Gujba 11
Ni std SRM 986
Gujba 12
Ni std SRM 986
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






Ni std SRM 986
Gujba 13
Ni std SRM 986
Gujba 14
Ni std SRM 986
September
Ni std SRM 986
Gujba 1
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Gujba 5





0.0533939 4.53E-07 17.0 1.674501E-02 1.22E-07 14.6
0.0533969 4.25E-07 15.9 0.547 0.235 1.674601E-02 1.22E-07 14.6 0.606 0.213
0.0533940 4.67E-07 17.5 0.022 1.674498E-02 1.38E-07 16.5 -0.018
0.0533972 4.42E-07 16.6 0.605 0.238 1.674546E-02 1.27E-07 15.2 0.209 0.218
0.0533939 4.43E-07 16.6  -0.022 1.674524E-02 1.23E-07 14.7  0.155
0.0534044 5.07E-07 19.0   1.674481E-02 1.31E-07 15.6   
0.0534082 4.96E-07 18.6 0.703 0.269 1.674563E-02 1.22E-07 14.6 0.502 0.216
0.0534045 5.32E-07 19.9 0.032 1.674477E-02 1.35E-07 16.1 -0.024
0.0534085 3.89E-07 14.6 0.744 0.240 1.674531E-02 1.14E-07 13.6 0.251 0.207
0.0534046 4.87E-07 18.2 0.009 1.674501E-02 1.26E-07 15.0 0.143
0.0534084 4.84E-07 18.1 0.760 0.267 1.674526E-02 1.27E-07 15.2 0.140 0.216
0.0534042 5.61E-07 21.0 -0.082 1.674504E-02 1.32E-07 15.8 0.018
0.0534096 4.66E-07 17.5 0.905 0.263 1.674563E-02 1.42E-07 17.0 0.406 0.232
0.0534053 4.88E-07 18.3 0.223 1.674486E-02 1.34E-07 16.0 -0.107
0.0534091 5.43E-07 20.3 0.690 0.262 1.674551E-02 1.43E-07 17.1 0.361 0.226
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG/ NI SPEC
1.820281E-02 2.43E-07  0.4074181 4.03E-06  
1.820787E-02 2.67E-07 0.037 0.4074845 4.85E-06 0.005
1.821157E-02 2.28E-07  0.4075467 3.63E-06  
1.818729E-02 1.73E-07 0.4071802 3.04E-06
1.819225E-02 2.56E-07 0.161 0.4072454 4.11E-06 0.093
1.819134E-02 2.48E-07 0.4072350 3.99E-06
1.820065E-02 2.07E-07 0.436 0.4073716 3.42E-06 0.283
1.819409E-02 2.06E-07 0.4072781 3.05E-06
1.819802E-02 2.24E-07 0.220 0.4073287 3.91E-06 0.141
1.819393E-02 2.84E-07 0.4072648 3.96E-06
1.820487E-02 2.70E-07 0.4074367 4.79E-06
1.821229E-02 4.12E-07 0.683 0.4075407 6.66E-06 0.439
1.819486E-02 3.41E-07 0.4072871 5.49E-06
1.819699E-02 3.24E-07 0.094 0.4073080 5.64E-06 0.049
1.819569E-02 2.06E-07 0.4072891 3.45E-06
1.820232E-02 2.44E-07 0.037 0.4073891 4.06E-06 0.018
1.820759E-02 4.15E-07 0.4074742 6.46E-06
1.821876E-02 4.22E-07 0.321 0.4076328 6.59E-06 0.199
1.821823E-02 2.68E-07  0.4076294 4.71E-06  
1.819041E-02 4.76E-07 0.4072302 7.29E-06
1.819424E-02 3.51E-07 0.506 0.4072738 5.40E-06 0.307
1.817966E-02 1.86E-07 0.4070671 3.11E-06
1.819410E-02 1.80E-07 0.660 0.4072727 2.39E-06 0.430
1.818453E-02 2.10E-07  0.4071284 3.58E-06  
1.823491E-02 2.03E-07  0.4078896 3.37E-06  
1.824969E-02 4.15E-07 0.761 0.4081014 6.68E-06 0.484
1.823670E-02 2.21E-07  0.4079182 4.07E-06  
1.826358E-02 3.78E-07 1.265 0.4083125 6.54E-06 0.817
1.824432E-02 2.59E-07  0.4080404 4.81E-06  
Ni std SRM 986
Gujba DMG 1
Ni std SRM 986
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Ni std SRM 986 
Gujba 5
Ni std SRM 986
Gujba 6
Ni std SRM 986
Gujba 7
Ni std SRM 986
Gujba 8
Ni std SRM 986
Ni std SRM 986
Gujba 9
Ni std SRM 986
Gujba 10
Ni std SRM 986
Ni std SRM 986
Gujba 11
Ni std SRM 986
Gujba 12
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Gujba (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG/ NI SPEC
Ni std SRM 986
Gujba 13
Ni std SRM 986
Gujba 14
Ni std SRM 986
September
Ni std SRM 986
Gujba 1
Ni std SRM 986
Gujba 2
Ni std SRM 986
Gujba 3
Ni std SRM 986
Gujba 4
Ni std SRM 986
Gujba 5





1.821667E-02 2.74E-07  0.4076229 4.52E-06  
1.823219E-02 3.23E-07 1.028 0.4078365 4.88E-06 0.646
1.821027E-02 2.35E-07  0.4075239 4.08E-06  
1.823282E-02 2.19E-07 1.138 0.4078576 3.56E-06 0.752
1.821392E-02 2.67E-07  0.4075784 4.22E-06  
1.816123E-02 4.17E-07  0.4067921 6.61E-06  
1.816995E-02 4.34E-07 0.640 0.4069044 7.11E-06 0.391
1.815541E-02 4.32E-07  0.4066984 7.11E-06  
1.817108E-02 3.85E-07 0.675 0.4069303 5.94E-06 0.441
1.816224E-02 5.28E-07  0.4068038 8.35E-06  
1.819592E-02 5.14E-07 1.166 0.4073064 7.93E-06 0.776
1.818720E-02 5.66E-07  0.4071777 8.68E-06  
1.819681E-02 5.56E-07 0.453 0.4073129 8.46E-06 0.272
1.818994E-02 5.98E-07  0.4072268 9.26E-06  
1.821348E-02 6.05E-07 1.220 0.4075632 9.40E-06 0.784
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Table A3.1 (a) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





EICHROM TEVA SPEC RESIN
April 22  08
Ni std SRM 986 1 (7225) 0.3852122 1.83E-06 9.5 5.339153E-02 4.64E-07 17.4
Canyon Diablo A 1 (7226) 0.3852123 2.04E-06 10.6 0.006 0.142 5.339324E-02 4.82E-07 18.1 0.332 0.249
Ni std SRM 986 3 (7227) 0.3852119 1.84E-06 9.6 -0.008 5.339140E-02 4.51E-07 16.9 -0.024
Canyon Diablo A 2 (7228) 0.3852126 2.01E-06 10.4 0.047 0.142 5.339344E-02 4.81E-07 18.0 0.361 0.250
Ni std SRM 986 4 (7229) 0.3852097 1.88E-06 9.8 -0.057 5.339163E-02 4.71E-07 17.6 0.043
Canyon Diablo A 3 (7230) 0.3852083 2.14E-06 11.1 -0.058 0.148 5.339183E-02 5.21E-07 19.5 0.056 0.254
Ni std SRM 986 5 (7231) 0.3852114 1.88E-06 9.8 0.044 5.339143E-02 3.95E-07 14.8 -0.037
Canyon Diablo A 4 (7232) 0.3852110 2.16E-06 11.2 -0.008 0.152 5.339307E-02 5.19E-07 19.4 0.176 0.253
Ni std SRM 986 5 (7233) 0.3852112 2.08E-06 10.8 -0.005 5.339283E-02 4.64E-07 17.4 0.262
April 26  08
Ni std SRM 986 1 (7387) 0.3852188 1.94E-06 10.1 5.339227E-02 5.03E-07 18.8
Canyon Diablo A 2 (7388) 0.3852151 1.86E-06 9.7 0.006 0.137 5.339097E-02 4.82E-07 18.1 -0.102 0.257
Ni std SRM 986 3 (7389) 0.3852109 1.80E-06 9.3 -0.205 5.339076E-02 4.70E-07 17.6 -0.283
Canyon Diablo A 3 (7390) 0.3852157 1.90E-06 9.9 0.071 0.135 5.339015E-02 4.60E-07 17.2 -0.161 0.244
Ni std SRM 986 4 (7391) 0.3852150 1.77E-06 9.2 0.106 5.339126E-02 4.54E-07 17.0 0.094
Canyon Diablo A 4 (7392) 0.3852180 1.65E-06 8.6 0.154 0.127 5.338981E-02 4.12E-07 15.4 -0.154 0.232
Ni std SRM 986 5 (7393) 0.3852091 1.86E-06 9.7 -0.153 5.339000E-02 4.68E-07 17.5 -0.236
Canyon Diablo A 4 (7394) 0.3852117 1.96E-06 10.2 0.032 0.142 5.338990E-02 4.61E-07 17.3 -0.125 0.249
Ni std SRM 986 5 (7395) 0.3852118 1.95E-06 10.1 0.070 5.339113E-02 4.88E-07 18.3 0.212
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Table A3.1 (a) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data
APPENDIX 3: MC-ICPMS data
Ni std SRM 986 6 (7396) 0.3852015 1.77E-06 9.2 5.338883E-02 4.85E-07 18.2
Canyon Diablo A 5 (7397) 0.3852086 1.84E-06 9.6 0.080 0.132 5.338969E-02 4.32E-07 16.2 0.102 0.246
Ni std SRM 986 7 (7398) 0.3852095 1.74E-06 9.0 0.208 5.338946E-02 5.06E-07 19.0 0.118
Canton Diablo A 6 (7399) 0.3852070 1.84E-06 9.6 0.000 0.134 5.338932E-02 4.75E-07 17.8 0.103 0.257
Ni std SRM 986 8 (7400) 0.3852045 1.87E-06 9.7 -0.130 5.338808E-02 4.81E-07 18.0 -0.258
Canyo Diablo A 7 (7401) 0.3852060 1.74E-06 9.0 0.079 0.131 5.338966E-02 4.76E-07 17.8 0.354 0.249
Ni std SRM 986 9 (7402) 0.3852014 1.79E-06 9.3 -0.080 5.338746E-02 4.43E-07 16.6 -0.116
Canyon Diablo A 8 (7403) 0.3852066 1.83E-06 9.5 0.066 0.138 5.338968E-02 4.71E-07 17.6 0.296 0.251
Ni std SRM 986 10 (7404) 0.3852067 2.07E-06 10.7 0.138 5.338874E-02 5.05E-07 18.9 0.240
Ni std SRM 986 2 (7405) 0.3852010 2.02E-06 10.5 5.338874E-02 5.26E-07 19.7
Canyon Diablo A 9 (7406) 0.3852040 1.91E-06 9.9 -0.048 0.144 5.338902E-02 4.75E-07 17.8 -0.096 0.259
Ni std SRM 986 3 (7407) 0.3852107 1.99E-06 10.3 0.252 5.339033E-02 4.74E-07 17.8 0.298
Canyon Diablo A 10 (7408) 0.3852078 1.85E-06 9.6 0.001 0.140 5.339074E-02 4.83E-07 18.1 0.222 0.252
Ni std SRM 986 4 (7409) 0.3852048 1.93E-06 10.0 -0.153 5.338878E-02 4.66E-07 17.5 -0.290
mean (Teva) 0.031 0.097
2 sd 0.114 0.396
2 se 0.030 0.106
n 14 14
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851984 1.52E-06 7.9 1.674350E-02 1.10E-07 13.1
0.3851945 1.69E-06 8.8 -0.119 0.121 1.674309E-02 1.14E-07 13.6 -0.254 0.188
0.3851998 1.69E-06 8.8 0.036 1.674353E-02 1.07E-07 12.8 0.018
0.3851935 1.82E-06 9.4 -0.149 0.127 1.674305E-02 1.14E-07 13.6 -0.272 0.189
0.3851987 1.55E-06 8.0 -0.029 1.674348E-02 1.12E-07 13.4 -0.030
0.3851926 1.71E-06 8.9 -0.157 0.123 1.674343E-02 1.24E-07 14.8 -0.042 0.193
0.3851986 1.74E-06 9.0 -0.003 1.674352E-02 9.38E-08 11.2 0.024
0.3851919 1.65E-06 8.6 -0.141 0.126 1.674313E-02 1.23E-07 14.7 -0.134 0.191
0.3851961 1.82E-06 9.4 -0.065 1.674319E-02 1.10E-07 13.1 -0.197
0.3852025 1.59E-06 8.3 1.674332E-02 1.19E-07 14.2
0.3852035 1.58E-06 8.2 0.053 0.115 1.674363E-02 1.14E-07 13.6 0.078 0.194
0.3852004 1.51E-06 7.8 -0.055 1.674368E-02 1.12E-07 13.4 0.215
0.3852082 1.43E-06 7.4 0.157 0.106 1.674383E-02 1.09E-07 13.0 0.125 0.185
0.3852039 1.43E-06 7.4 0.091 1.674356E-02 1.08E-07 12.9 -0.072
0.3852101 1.22E-06 6.3 0.187 0.097 1.674391E-02 9.78E-08 11.7 0.119 0.175
0.3852019 1.41E-06 7.3 -0.052 1.674386E-02 1.11E-07 13.3 0.179
0.3852063 1.29E-06 6.7 0.130 0.100 1.674389E-02 1.09E-07 13.0 0.099 0.188
0.3852007 1.45E-06 7.5 -0.031 1.674359E-02 1.16E-07 13.9 -0.161
EICHROM TEVA SPEC RESIN
April 22  08
Ni std SRM 986 1 (7225)
Canyon Diablo A 1 (7226)
Ni std SRM 986 3 (7227)
Canyon Diablo A 2 (7228)
Ni std SRM 986 4 (7229)
Canyon Diablo A 3 (7230)
Ni std SRM 986 5 (7231)
Canyon Diablo A 4 (7232)
Ni std SRM 986 5 (7233)
April 26  08
Ni std SRM 986 1 (7387)
Canyon Diablo A 2 (7388)
Ni std SRM 986 3 (7389)
Canyon Diablo A 3 (7390)
Ni std SRM 986 4 (7391)
Canyon Diablo A 4 (7392)
Ni std SRM 986 5 (7393)
Canyon Diablo A 4 (7394)
Ni std SRM 986 5 (7395)
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
APPENDIX 3: MC-ICPMS data
0.3852008 1.21E-06 6.3 1.674414E-02 1.15E-07 13.7
0.3852030 1.34E-06 7.0 0.034 0.098 1.674392E-02 1.02E-07 12.2 -0.087 0.186
0.3852026 1.46E-06 7.6 0.047 1.674399E-02 1.20E-07 14.3 -0.090
0.3852025 1.58E-06 8.2 -0.009 0.115 1.674402E-02 1.13E-07 13.5 -0.081 0.194
0.3852031 1.63E-06 8.5 0.013 1.674432E-02 1.14E-07 13.6 0.197
0.3852005 1.47E-06 7.6 -0.090 0.110 1.674394E-02 1.13E-07 13.5 -0.269 0.188
0.3852048 1.40E-06 7.3 0.044 1.674446E-02 1.05E-07 12.5 0.084
0.3852003 1.67E-06 8.7 -0.087 0.116 1.674394E-02 1.12E-07 13.4 -0.221 0.190
0.3852025 1.59E-06 8.3 -0.060 1.674416E-02 1.20E-07 14.3 -0.179
0.3851988 1.36E-06 7.1 1.674416E-02 1.25E-07 14.9
0.3852013 1.48E-06 7.7 0.052 0.106 1.674409E-02 1.13E-07 13.5 0.072 0.196
0.3851998 1.44E-06 7.5 0.026 1.674378E-02 1.12E-07 13.4 -0.227
0.3852011 1.49E-06 7.7 0.025 0.106 1.674369E-02 1.15E-07 13.7 -0.164 0.191





Ni std SRM 986 6 (7396)
Canyon Diablo A 5 (7397)
Ni std SRM 986 7 (7398)
Canton Diablo A 6 (7399)
Ni std SRM 986 8 (7400)
Canyo Diablo A 7 (7401)
Ni std SRM 986 9 (7402)
Canyon Diablo A 8 (7403)
Ni std SRM 986 10 (7404)
Ni std SRM 986 2 (7405)
Canyon Diablo A 9 (7406)
Ni std SRM 986 3 (7407)
Canyon Diablo A 10 (7408)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
5.338811E-02 4.15E-07 15.5 1.674339E-02 1.18E-07 14.1
5.338916E-02 4.62E-07 17.3 0.234 0.239 1.674339E-02 1.32E-07 15.8 -0.006 0.212
5.338771E-02 4.62E-07 17.3 -0.075 1.674341E-02 1.19E-07 14.2 0.012
5.338943E-02 4.96E-07 18.6 0.293 0.249 1.674335E-02 1.31E-07 15.6 -0.078 0.213
5.338802E-02 4.24E-07 15.9 0.058 1.674355E-02 1.22E-07 14.6 0.084
5.338969E-02 4.68E-07 17.5 0.311 0.243 1.674364E-02 1.39E-07 16.6 0.087 0.221
5.338804E-02 4.75E-07 17.8 0.004 1.674344E-02 1.22E-07 14.6 -0.066
5.338988E-02 4.51E-07 16.9 0.281 0.248 1.674347E-02 1.40E-07 16.7 0.012 0.227
5.338872E-02 4.95E-07 18.5 0.127 1.674346E-02 1.34E-07 16.0 0.012
5.338698E-02 4.33E-07 16.2 1.674297E-02 1.26E-07 15.1
5.338672E-02 4.30E-07 16.1 -0.102 0.226 1.674320E-02 1.20E-07 14.3 -0.015 0.204
5.338755E-02 4.13E-07 15.5 0.107 1.674348E-02 1.16E-07 13.9 0.305
5.338542E-02 3.90E-07 14.6 -0.309 0.210 1.674317E-02 1.23E-07 14.7 -0.105 0.201
5.338659E-02 3.89E-07 14.6 -0.180 1.674321E-02 1.14E-07 13.6 -0.161
5.338491E-02 3.34E-07 12.5 -0.365 0.191 1.674302E-02 1.07E-07 12.8 -0.227 0.190
5.338713E-02 3.84E-07 14.4 0.101 1.674359E-02 1.21E-07 14.5 0.227
5.338596E-02 3.51E-07 13.1 -0.251 0.196 1.674343E-02 1.27E-07 15.2 -0.045 0.212
5.338747E-02 3.95E-07 14.8 0.064 1.674342E-02 1.26E-07 15.1 -0.102
EICHROM TEVA SPEC RESIN
April 22  08
Ni std SRM 986 1 (7225)
Canyon Diablo A 1 (7226)
Ni std SRM 986 3 (7227)
Canyon Diablo A 2 (7228)
Ni std SRM 986 4 (7229)
Canyon Diablo A 3 (7230)
Ni std SRM 986 5 (7231)
Canyon Diablo A 4 (7232)
Ni std SRM 986 5 (7233)
April 26  08
Ni std SRM 986 1 (7387)
Canyon Diablo A 2 (7388)
Ni std SRM 986 3 (7389)
Canyon Diablo A 3 (7390)
Ni std SRM 986 4 (7391)
Canyon Diablo A 4 (7392)
Ni std SRM 986 5 (7393)
Canyon Diablo A 4 (7394)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
Ni std SRM 986 6 (7396)
Canyon Diablo A 5 (7397)
Ni std SRM 986 7 (7398)
Canton Diablo A 6 (7399)
Ni std SRM 986 8 (7400)
Canyo Diablo A 7 (7401)
Ni std SRM 986 9 (7402)
Canyon Diablo A 8 (7403)
Ni std SRM 986 10 (7404)
Ni std SRM 986 2 (7405)
Canyon Diablo A 9 (7406)
Ni std SRM 986 3 (7407)
Canyon Diablo A 10 (7408)





5.338746E-02 3.31E-07 12.4 1.674408E-02 1.15E-07 13.7
5.338683E-02 3.67E-07 13.7 -0.070 0.194 1.674363E-02 1.19E-07 14.2 -0.116 0.197
5.338695E-02 3.98E-07 14.9 -0.096 1.674357E-02 1.13E-07 13.5 -0.305
5.338699E-02 4.32E-07 16.2 0.027 0.226 1.674373E-02 1.19E-07 14.2 0.000 0.199
5.338674E-02 4.42E-07 16.6 -0.039 1.674389E-02 1.21E-07 14.5 0.191
5.338752E-02 4.01E-07 15.0 0.183 0.216 1.674380E-02 1.12E-07 13.4 -0.113 0.195
5.338635E-02 3.82E-07 14.3 -0.073 1.674409E-02 1.16E-07 13.9 0.119
5.338757E-02 4.55E-07 17.0 0.170 0.229 1.674376E-02 1.18E-07 14.1 -0.096 0.206
5.338698E-02 4.33E-07 16.2 0.118 1.674375E-02 1.34E-07 16.0 -0.203
5.338799E-02 3.71E-07 13.9 1.674412E-02 1.31E-07 15.6
5.338732E-02 4.03E-07 15.1 -0.101 0.208 1.674393E-02 1.24E-07 14.8 0.075 0.215
5.338773E-02 3.94E-07 14.8 -0.049 1.674349E-02 1.29E-07 15.4 -0.376
5.338735E-02 4.08E-07 15.3 -0.052 0.209 1.674368E-02 1.20E-07 14.3 0.000 0.209
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Alfa Aesar Ni standard (bracketed with Aristar Ni standard) 







Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std




Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std
Alfa Aeasr Ni std
Aristar Ni std






1.821940E-02 2.39E-07 0.4076147 4.32E-06
1.821624E-02 1.99E-07 -0.276 0.4075591 3.74E-06 -0.200
1.822314E-02 2.18E-07 0.4076667 4.04E-06
1.821429E-02 2.12E-07 -0.417 0.4075289 3.70E-06 -0.288
1.822062E-02 1.99E-07 0.4076262 3.74E-06
1.821431E-02 2.07E-07 -0.390 0.4075283 3.57E-06 -0.268
1.822222E-02 2.51E-07 0.4076488 3.91E-06
1.824860E-02 2.21E-07 0.4080753 3.57E-06
1.823585E-02 1.92E-07 -0.750 0.4078883 3.57E-06 -0.496
1.825048E-02 1.94E-07 0.4081063 2.99E-06
1.824757E-02 1.75E-07 -0.227 0.4080646 2.89E-06 -0.138
1.825294E-02 2.07E-07 0.4081356 3.04E-06
1.825034E-02 1.71E-07 -0.264 0.4081011 2.92E-06 -0.170
1.825738E-02 1.57E-07 0.4082054 3.03E-06
1.825401E-02 1.44E-07 -0.274 0.4081555 2.37E-06 -0.177
1.826063E-02 2.96E-07 0.4082502 4.81E-06
1.825636E-02 1.64E-07 0.4081916 2.75E-06
1.826188E-02 2.21E-07 -0.103 0.4082713 3.63E-06 -0.061
1.826690E-02 1.99E-07 0.4083424 3.34E-06
1.826195E-02 2.53E-07 -0.340 0.4082648 4.03E-06 -0.245
1.826941E-02 1.66E-07 0.4083875 3.25E-06
1.824938E-02 1.73E-07 -0.875 0.4080852 2.74E-06 -0.584
1.826131E-02 1.84E-07 0.4082595 2.74E-06
1.825280E-02 2.61E-07 0.027 0.4081380 4.01E-06 0.017
1.824332E-02 2.24E-07 0.4080029 4.62E-06
1.824781E-02 3.03E-07 -0.096 0.4080637 3.03E-06 -0.083
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
Ni std SRM 986 6 (7396)
Canyon Diablo A 5 (7397)
Ni std SRM 986 7 (7398)
Canton Diablo A 6 (7399)
Ni std SRM 986 8 (7400)
Canyo Diablo A 7 (7401)
Ni std SRM 986 9 (7402)
Canyon Diablo A 8 (7403)
Ni std SRM 986 10 (7404)
Ni std SRM 986 2 (7405)
Canyon Diablo A 9 (7406)
Ni std SRM 986 3 (7407)
Canyon Diablo A 10 (7408)





1.832441E-02 2.01E-06 0.4092568 2.98E-06
1.831890E-02 1.89E-08 -0.401 0.4091796 2.86E-06 -0.261
1.832810E-02 1.70E-07 0.4093164 2.75E-06
1.832483E-02 3.11E-07 -0.213 0.4092623 4.88E-06 -0.150
1.832935E-02 2.56E-07 0.4093306 4.03E-06
1.832565E-02 2.20E-07 -0.349 0.4092761 3.52E-06 -0.229
1.833475E-02 2.44E-07 0.4094087 3.72E-06
1.833232E-02 2.45E-07 -0.183 0.4093770 3.77E-06 -0.115
1.833659E-02 2.32E-07 0.4094395 3.92E-06
1.832098E-02 2.36E-07 0.4092045 3.57E-06
1.831516E-02 1.13E-07 -0.357 0.4091170 4.18E-06 -0.247
1.832241E-02 2.69E-07 0.4092313 4.30E-06
1.831426E-02 2.30E-07 -0.438 0.4091122 3.51E-06 -0.284









K. Andrews  2009 219
Table A3.1 (b) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 19  08
Ni std SRM 986 1 (7115) 0.3852200 1.90E-06 9.9 5.338833E-02 4.55E-07 17.0
Canyon Diablo A 2 (7116) 0.3852172 1.93E-06 10.0 -0.034 0.141 5.338634E-02 4.69E-07 17.6 -0.293 0.253
Ni std SRM 986 3 (7117) 0.3852170 1.93E-06 10.0 -0.078 5.338748E-02 5.18E-07 19.4 -0.159
Canyon Diablo A 3 (7118) 0.3852215 1.85E-06 9.6 0.067 0.138 5.338662E-02 4.24E-07 15.9 -0.259 0.243
Ni std SRM 986 4 (7119) 0.3852208 1.89E-06 9.8 0.099 5.338853E-02 4.64E-07 17.4 0.197
Canyon Diablo A 4 (7120) 0.3852189 1.83E-06 9.5 -0.030 0.135 5.338634E-02 4.55E-07 17.0 -0.274 0.238
Ni std SRM 986 5 (7121) 0.3852193 1.78E-06 9.2 -0.039 5.338708E-02 4.22E-07 15.8 -0.272
Canyon Diablo A 4 (7122) 0.3852171 1.96E-06 10.2 -0.078 0.140 5.338626E-02 4.79E-07 17.9 -0.232 0.246
Ni std SRM 986 5 (7123) 0.3852209 1.90E-06 9.9 0.042 5.338792E-02 4.78E-07 17.9 0.157
Ni std SRM 986 6 (7124) 0.3852210 1.87E-06 9.7 5.338743E-02 4.93E-07 18.5
Canyon Diablo A 5 (7125) 0.3852222 1.79E-06 9.3 0.061 0.132 5.338733E-02 4.58E-07 17.2 0.028 0.243
Ni std SRM 986 7 (7126) 0.3852187 1.73E-06 9.0 -0.060 5.338693E-02 4.27E-07 16.0 -0.094
Canton Diablo A 6 (7127) 0.3852241 1.88E-06 9.8 0.103 0.135 5.338708E-02 4.55E-07 17.0 0.066 0.238
Ni std SRM 986 8 (7128) 0.3852216 1.87E-06 9.7 0.075 5.338653E-02 4.59E-07 17.2 -0.075
Canyo Diablo A 7 (7129) 0.3852230 1.93E-06 10.0 0.066 0.140 5.338652E-02 4.25E-07 15.9 -0.075 0.234
Ni std SRM 986 9 (7130) 0.3852193 1.88E-06 9.8 -0.060 5.338731E-02 4.57E-07 17.1 0.146
Canyon Diablo A 8 (7131) 0.3852227 1.88E-06 9.8 0.029 0.136 5.338759E-02 4.76E-07 17.8 0.067 0.248
Ni std SRM 986 10 (7132) 0.3852239 1.79E-06 9.3 0.119 5.338715E-02 4.64E-07 17.4 -0.030
Ni std SRM 986 2 (7133) 0.3852261 1.76E-06 9.1 5.338847E-02 4.46E-07 16.7
Canyon Diablo A 9 (7134) 0.3852193 1.78E-06 9.2 -0.132 0.133 5.338670E-02 4.15E-07 15.5 -0.234 0.229
Ni std SRM 986 3 (7135) 0.3852227 1.92E-06 10.0 -0.088 5.338743E-02 4.54E-07 17.0 -0.195
Canyon Diablo A 10 (7136) 0.3852225 1.68E-06 8.7 -0.021 0.131 5.338692E-02 4.41E-07 16.5 -0.155 0.237
Ni std SRM 986 4 (7137) 0.3852239 1.83E-06 9.5 0.031 5.338806E-02 4.52E-07 16.9 0.118
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Table A3.1 (b) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data
APPENDIX 3: MC-ICPMS data
April 24 08
Ni std SRM 986 8 (7293) 0.3852093 1.93E-06 10.0 5.339114E-02 4.71E-07 17.6
Canyon Diablo A 11 (7294) 0.3852083 1.79E-06 9.3 0.023 0.137 5.339022E-02 4.77E-07 17.9 -0.179 0.255
Ni std SRM 986 3 (7295) 0.3852055 1.94E-06 10.1 -0.099 5.339121E-02 4.99E-07 18.7 0.013
Canyon Diablo A 12 (7296) 0.3852025 1.76E-06 9.1 -0.070 0.133 5.339041E-02 4.58E-07 17.2 -0.088 0.252
Ni std SRM 986 4 (7297) 0.3852049 1.77E-06 9.2 -0.016 5.339055E-02 4.85E-07 18.2 -0.124
April 29 08
Ni std SRM 986 2 (7478) 0.3852006 1.83E-06 9.5 5.339132E-02 4.72E-07 17.7
Canyon Diablo A 13 (7479) 0.3851948 2.55E-06 13.2 -0.066 0.172 5.339172E-02 4.86E-07 18.2 0.020 0.250
Ni std SRM 986 3 (7480) 0.3851941 2.36E-06 12.3 -0.169 5.339191E-02 4.45E-07 16.7 0.111
Canyon Diablo A 14 (7481) 0.3851937 2.47E-06 12.8 0.027 0.181 5.339185E-02 5.10E-07 19.1 0.041 0.262
Ni std SRM 986 4 (7482) 0.3851912 2.58E-06 13.4 -0.075 5.339135E-02 5.07E-07 19.0 -0.105
Ni std SRM 986 6 (7483) 0.3852015 2.17E-06 11.3 5.338962E-02 4.78E-07 17.9
Canyon Diablo A 5 (7484) 0.3851986 1.93E-06 10.0 0.018 0.153 5.338973E-02 4.89E-07 18.3 0.107 0.260
Ni std SRM 986 7 (7485) 0.3851943 2.30E-06 11.9 -0.187 5.338870E-02 5.08E-07 19.0 -0.172
Canyon Diablo A 6 (7486) 0.3851926 2.24E-06 11.6 -0.070 0.166 5.338900E-02 4.54E-07 17.0 -0.072 0.257
Ni std SRM 986 8 (7487) 0.3851963 2.28E-06 11.8 0.052 5.339007E-02 5.19E-07 19.4 0.257
Canyon Diablo A 7 (7488) 0.3851910 2.23E-06 11.6 -0.160 0.162 5.338960E-02 4.81E-07 18.0 -0.160 0.261
Ni std SRM 986 9 (7489) 0.3851980 2.07E-06 10.7 0.044 5.339084E-02 4.89E-07 18.3 0.144
Canyon Diablo A 8 (7490) 0.3851903 2.30E-06 11.9 -0.084 0.165 5.338973E-02 5.42E-07 20.3 -0.082 0.277
Ni std SRM 986 10 (7491) 0.3851891 2.30E-06 11.9 -0.231 5.338950E-02 5.15E-07 19.3 -0.251
mean (Anion) -0.019 -0.099
2 sd 0.147 0.262
2 se 0.035 0.062
n 18 18
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62Ni/58Ni normalised data
Table A3.1 (b)(continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3852186 1.54E-06 8.0 1.674426E-02 1.08E-07 12.9
0.3852239 1.63E-06 8.5 0.103 0.116 1.674473E-02 1.11E-07 13.3 0.221 0.192
0.3852213 1.49E-06 7.7 0.070 1.674446E-02 1.23E-07 14.7 0.119
0.3852254 1.63E-06 8.5 0.132 0.113 1.674466E-02 1.00E-07 11.9 0.194 0.184
0.3852193 1.42E-06 7.4 -0.052 1.674421E-02 1.10E-07 13.1 -0.149
0.3852249 1.54E-06 8.0 0.092 0.111 1.674473E-02 1.08E-07 12.9 0.206 0.180
0.3852234 1.52E-06 7.9 0.106 1.674456E-02 1.00E-07 11.9 0.209
0.3852231 1.66E-06 8.6 0.003 0.117 1.674475E-02 1.14E-07 13.6 0.173 0.186
0.3852226 1.50E-06 7.8 -0.021 1.674436E-02 1.13E-07 13.5 -0.119
0.3852243 1.37E-06 7.1 1.674447E-02 1.17E-07 14.0
0.3852241 1.34E-06 7.0 0.009 0.098 1.674449E-02 1.09E-07 13.0 -0.024 0.184
0.3852232 1.30E-06 6.7 -0.029 1.674459E-02 1.01E-07 12.1 0.072
0.3852252 1.60E-06 8.3 0.027 0.111 1.674455E-02 1.08E-07 12.9 -0.051 0.180
0.3852251 1.53E-06 7.9 0.049 1.674468E-02 1.09E-07 13.0 0.054
0.3852267 1.38E-06 7.2 0.055 0.104 1.674469E-02 1.01E-07 12.1 0.060 0.177
0.3852241 1.37E-06 7.1 -0.026 1.674450E-02 1.08E-07 12.9 -0.107
0.3852232 1.47E-06 7.6 -0.053 0.110 1.674443E-02 1.13E-07 13.5 -0.054 0.188
0.3852264 1.67E-06 8.7 0.060 1.674454E-02 1.10E-07 13.1 0.024
0.3852269 1.51E-06 7.8 1.674422E-02 1.06E-07 12.7
0.3852240 1.32E-06 6.9 -0.064 0.104 1.674464E-02 9.85E-08 11.8 0.176 0.174
0.3852260 1.49E-06 7.7 -0.023 1.674447E-02 1.08E-07 12.9 0.149
0.3852266 1.19E-06 6.2 0.023 0.096 1.674459E-02 1.05E-07 12.5 0.116 0.179
0.3852254 1.33E-06 6.9 -0.016 1.674432E-02 1.07E-07 12.8 -0.090
ANION 1X4
April 19  08
Ni std SRM 986 1 (7115)
Canyon Diablo A 2 (7116)
Ni std SRM 986 3 (7117)
Canyon Diablo A 3 (7118)
Ni std SRM 986 4 (7119)
Canyon Diablo A 4 (7120)
Ni std SRM 986 5 (7121)
Canyon Diablo A 4 (7122)
Ni std SRM 986 5 (7123)
Ni std SRM 986 6 (7124)
Canyon Diablo A 5 (7125)
Ni std SRM 986 7 (7126)
Canton Diablo A 6 (7127)
Ni std SRM 986 8 (7128)
Canyo Diablo A 7 (7129)
Ni std SRM 986 9 (7130)
Canyon Diablo A 8 (7131)
Ni std SRM 986 10 (7132)
Ni std SRM 986 2 (7133)
Canyon Diablo A 9 (7134)
Ni std SRM 986 3 (7135)
Canyon Diablo A 10 (7136)
Ni std SRM 986 4 (7137)
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
APPENDIX 3: MC-ICPMS data
April 24 08
Ni std SRM 986 8 (7293)
Canyon Diablo A 11 (7294)
Ni std SRM 986 3 (7295)
Canyon Diablo A 12 (7296)
Ni std SRM 986 4 (7297)
April 29 08
Ni std SRM 986 2 (7478)
Canyon Diablo A 13 (7479)
Ni std SRM 986 3 (7480)
Canyon Diablo A 14 (7481)
Ni std SRM 986 4 (7482)
Ni std SRM 986 6 (7483)
Canyon Diablo A 5 (7484)
Ni std SRM 986 7 (7485)
Canyon Diablo A 6 (7486)
Ni std SRM 986 8 (7487)
Canyon Diablo A 7 (7488)
Ni std SRM 986 9 (7489)
Canyon Diablo A 8 (7490)





0.3851981 1.41E-06 7.3 1.674359E-02 1.12E-07 13.4
0.3851948 1.27E-06 6.6 -0.074 0.097 1.674381E-02 1.13E-07 13.5 0.134 0.193
0.3851972 1.32E-06 6.9 -0.023 1.674358E-02 1.18E-07 14.1 -0.006
0.3851958 1.21E-06 6.3 -0.044 0.093 1.674376E-02 1.09E-07 13.0 0.063 0.191
0.3851978 1.30E-06 6.7 0.016 1.674373E-02 1.15E-07 13.7 0.090
0.3851877 1.53E-06 7.9 1.674355E-02 1.12E-07 13.4
0.3851822 2.29E-06 11.9 -0.043 0.161 1.674345E-02 1.15E-07 13.7 -0.018 0.189
0.3851800 2.54E-06 13.2 -0.200 1.674341E-02 1.05E-07 12.5 -0.084
0.3851782 2.89E-06 15.0 -0.058 0.198 1.674342E-02 1.21E-07 14.5 -0.033 0.198
0.3851809 2.45E-06 12.7 0.023 1.674354E-02 1.20E-07 14.3 0.078
0.3851954 2.28E-06 11.8 1.674395E-02 1.14E-07 13.6
0.3851920 2.29E-06 11.9 -0.070 0.168 1.674393E-02 1.16E-07 13.9 -0.078 0.197
0.3851940 2.29E-06 11.9 -0.036 1.674417E-02 1.21E-07 14.5 0.131
0.3851888 2.34E-06 12.1 -0.044 0.166 1.674410E-02 1.08E-07 12.9 0.054 0.195
0.3851870 2.09E-06 10.9 -0.182 1.674385E-02 1.23E-07 14.7 -0.191
0.3851871 2.41E-06 12.5 0.025 0.165 1.674396E-02 1.14E-07 13.6 0.122 0.197
0.3851853 2.04E-06 10.6 -0.044 1.674366E-02 1.16E-07 13.9 -0.113
0.3851841 2.21E-06 11.5 -0.014 0.157 1.674393E-02 1.29E-07 15.4 0.066 0.210
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 





5.338259E-02 4.19E-07 15.7 1.674289E-02 1.23E-07 14.7
5.338114E-02 4.43E-07 16.6 -0.203 0.227 1.674307E-02 1.25E-07 14.9 0.051 0.210
5.338186E-02 4.07E-07 15.2 -0.137 1.674308E-02 1.25E-07 14.9 0.113
5.338075E-02 4.44E-07 16.6 -0.259 0.223 1.674279E-02 1.20E-07 14.3 -0.102 0.206
5.338241E-02 3.88E-07 14.5 0.103 1.674284E-02 1.23E-07 14.7 -0.143
5.338087E-02 4.20E-07 15.7 -0.184 0.218 1.674296E-02 1.19E-07 14.2 0.042 0.201
5.338129E-02 4.15E-07 15.5 -0.210 1.674294E-02 1.15E-07 13.7 0.060
5.338137E-02 4.54E-07 17.0 -0.005 0.230 1.674308E-02 1.27E-07 15.2 0.116 0.208
5.338150E-02 4.09E-07 15.3 0.039 1.674283E-02 1.23E-07 14.7 -0.066
5.338103E-02 3.73E-07 14.0 1.674282E-02 1.21E-07 14.5
5.338109E-02 3.66E-07 13.7 -0.018 0.193 1.674274E-02 1.16E-07 13.9 -0.096 0.196
5.338134E-02 3.55E-07 13.3 0.058 1.674298E-02 1.12E-07 13.4 0.096
5.338078E-02 4.36E-07 16.3 -0.055 0.218 1.674263E-02 1.22E-07 14.6 -0.152 0.202
5.338081E-02 4.17E-07 15.6 -0.099 1.674279E-02 1.21E-07 14.5 -0.113
5.338039E-02 3.75E-07 14.1 -0.106 0.204 1.674269E-02 1.25E-07 14.9 -0.102 0.208
5.338110E-02 3.74E-07 14.0 0.054 1.674293E-02 1.22E-07 14.6 0.084
5.338134E-02 4.01E-07 15.0 0.104 0.217 1.674272E-02 1.22E-07 14.6 -0.036 0.204
5.338047E-02 4.55E-07 17.0 -0.118 1.674263E-02 1.16E-07 13.9 -0.179
5.338032E-02 4.11E-07 15.4 1.674250E-02 1.14E-07 13.6
5.338111E-02 3.60E-07 13.5 0.124 0.204 1.674293E-02 1.15E-07 13.7 0.194 0.198
5.338058E-02 4.06E-07 15.2 0.049 1.674271E-02 1.24E-07 14.8 0.125
5.338041E-02 3.24E-07 12.1 -0.046 0.189 1.674273E-02 1.09E-07 13.0 0.033 0.195
5.338073E-02 3.63E-07 13.6 0.028 1.674264E-02 1.18E-07 14.1 -0.042
ANION 1X4
April 19  08
Ni std SRM 986 1 (7115)
Canyon Diablo A 2 (7116)
Ni std SRM 986 3 (7117)
Canyon Diablo A 3 (7118)
Ni std SRM 986 4 (7119)
Canyon Diablo A 4 (7120)
Ni std SRM 986 5 (7121)
Canyon Diablo A 4 (7122)
Ni std SRM 986 5 (7123)
Ni std SRM 986 6 (7124)
Canyon Diablo A 5 (7125)
Ni std SRM 986 7 (7126)
Canton Diablo A 6 (7127)
Ni std SRM 986 8 (7128)
Canyo Diablo A 7 (7129)
Ni std SRM 986 9 (7130)
Canyon Diablo A 8 (7131)
Ni std SRM 986 10 (7132)
Ni std SRM 986 2 (7133)
Canyon Diablo A 9 (7134)
Ni std SRM 986 3 (7135)
Canyon Diablo A 10 (7136)
Ni std SRM 986 4 (7137)
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
April 24 08
Ni std SRM 986 8 (7293)
Canyon Diablo A 11 (7294)
Ni std SRM 986 3 (7295)
Canyon Diablo A 12 (7296)
Ni std SRM 986 4 (7297)
April 29 08
Ni std SRM 986 2 (7478)
Canyon Diablo A 13 (7479)
Ni std SRM 986 3 (7480)
Canyon Diablo A 14 (7481)
Ni std SRM 986 4 (7482)
Ni std SRM 986 6 (7483)
Canyon Diablo A 5 (7484)
Ni std SRM 986 7 (7485)
Canyon Diablo A 6 (7486)
Ni std SRM 986 8 (7487)
Canyon Diablo A 7 (7488)
Ni std SRM 986 9 (7489)
Canyon Diablo A 8 (7490)





5.338819E-02 3.84E-07 14.4 1.674358E-02 1.25E-07 14.9
5.338908E-02 3.47E-07 13.0 0.144 0.191 1.674394E-02 1.16E-07 13.9 0.140 0.204
5.338843E-02 3.60E-07 13.5 0.045 1.674383E-02 1.26E-07 15.1 0.149
5.338880E-02 3.29E-07 12.3 0.085 0.182 1.674402E-02 1.14E-07 13.6 0.102 0.198
5.338826E-02 3.55E-07 13.3 -0.032 1.674387E-02 1.15E-07 13.7 0.024
5.339102E-02 4.16E-07 15.6 1.674414E-02 1.18E-07 14.1
5.339251E-02 6.26E-07 23.4 0.082 0.318 1.674452E-02 1.65E-07 19.7 0.099 0.256
5.339312E-02 6.93E-07 26.0 0.393 1.674457E-02 1.53E-07 18.3 0.257
5.339361E-02 7.89E-07 29.6 0.113 0.390 1.674459E-02 1.60E-07 19.1 -0.042 0.270
5.339289E-02 6.68E-07 25.0 -0.043 1.674475E-02 1.67E-07 19.9 0.107
5.338892E-02 6.23E-07 23.3 1.674409E-02 1.40E-07 16.7
5.338985E-02 6.24E-07 23.4 0.139 0.331 1.674427E-02 1.25E-07 14.9 -0.030 0.228
5.338930E-02 6.25E-07 23.4 0.071 1.674455E-02 1.49E-07 17.8 0.275
5.339072E-02 6.38E-07 23.9 0.088 0.328 1.674467E-02 1.45E-07 17.3 0.110 0.247
5.339120E-02 5.70E-07 21.4 0.356 1.674442E-02 1.47E-07 17.6 -0.078
5.339117E-02 6.57E-07 24.6 -0.050 0.324 1.674476E-02 1.44E-07 17.2 0.236 0.240
5.339167E-02 5.57E-07 20.9 0.088 1.674431E-02 1.34E-07 16.0 -0.066
5.339201E-02 6.04E-07 22.6 0.030 0.308 1.674481E-02 1.49E-07 17.8 0.125 0.246
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
April 19  08
Ni std SRM 986 1 (7115)
Canyon Diablo A 2 (7116)
Ni std SRM 986 3 (7117)
Canyon Diablo A 3 (7118)
Ni std SRM 986 4 (7119)
Canyon Diablo A 4 (7120)
Ni std SRM 986 5 (7121)
Canyon Diablo A 4 (7122)
Ni std SRM 986 5 (7123)
Ni std SRM 986 6 (7124)
Canyon Diablo A 5 (7125)
Ni std SRM 986 7 (7126)
Canton Diablo A 6 (7127)
Ni std SRM 986 8 (7128)
Canyo Diablo A 7 (7129)
Ni std SRM 986 9 (7130)
Canyon Diablo A 8 (7131)
Ni std SRM 986 10 (7132)
Ni std SRM 986 2 (7133)
Canyon Diablo A 9 (7134)
Ni std SRM 986 3 (7135)
Canyon Diablo A 10 (7136)
Ni std SRM 986 4 (7137)
1.827693E-02 2.20E-07 0.4085623 3.65E-06
1.827152E-02 2.66E-07 -0.404 0.4084769 4.40E-06 -0.281
1.828089E-02 2.43E-07 0.4086209 3.89E-06
1.827413E-02 3.56E-07 -0.331 0.4085244 5.52E-06 -0.208
1.827947E-02 2.06E-07 0.4085976 3.22E-06
1.827700E-02 3.29E-07 -0.124 0.4085748 5.07E-06 -0.048
1.827908E-02 1.15E-07 0.4085911 3.95E-06
1.827440E-02 3.34E-07 -0.259 0.4085196 5.59E-06 -0.180
1.827919E-02 2.12E-07 0.4085956 3.31E-06
1.826676E-02 1.90E-07 0.4084114 2.58E-06
1.826094E-02 2.98E-07 -0.268 0.4083261 4.29E-06 -0.173
1.826492E-02 1.98E-07 0.4083820 3.03E-06
1.826925E-02 2.73E-07 -0.060 0.4084499 4.41E-06 -0.033
1.827579E-02 2.05E-07 0.4085444 3.30E-06
1.827176E-02 2.80E-07 -0.223 0.4084874 4.66E-06 -0.142
1.827587E-02 1.88E-07 0.4085462 3.12E-06
1.827097E-02 2.53E-07 -0.335 0.4084753 4.01E-06 -0.221
1.827833E-02 2.65E-07 0.4085852 4.18E-06
1.823895E-02 3.11E-07 0.4079989 4.77E-06
1.823219E-02 1.50E-07 -0.307 0.4078869 2.43E-06 -0.227
1.823664E-02 1.87E-07 0.4079603 3.42E-06
1.823653E-02 1.62E-07 -0.098 0.4079554 2.38E-06 -0.073





K. Andrews  2009 226
± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.821638E-02 1.50E-07 0.4076412 2.60E-06
1.821554E-02 1.62E-07 -0.122 0.4076199 2.41E-06 -0.098
1.821915E-02 1.62E-07 0.4076787 2.40E-06
1.822227E-02 1.82E-07 -0.011 0.4077236 2.71E-06 -0.014
1.822579E-02 1.81E-07 0.4077801 2.64E-06
1.832702E-02 1.70E-07 0.4092892 3.04E-06
1.832955E-02 6.14E-07 -0.380 0.4093279 9.80E-06 -0.252
1.834603E-02 2.36E-07 0.4095727 4.81E-06
1.834766E-02 2.94E-07 -0.150 0.4095947 5.96E-06 -0.096
1.835480E-02 2.65E-07 0.4096955 5.60E-06
1.831654E-02 2.28E-07 0.4091377 4.38E-06
1.831416E-02 2.23E-08 -0.301 0.4090985 4.42E-06 -0.199
1.832281E-02 2.54E-07 0.4092222 4.89E-06
1.831982E-02 2.25E-07 -0.254 0.4091747 4.68E-06 -0.180
1.832614E-02 2.48E-07 0.4092743 4.42E-06
1.832657E-02 2.28E-07 -0.178 0.4092788 4.81E-06 -0.127
1.833353E-02 2.14E-07 0.4093871 4.06E-06
1.833219E-02 2.34E-07 -0.257 0.4093552 4.27E-06 -0.188






Ni std SRM 986 8 (7293)
Canyon Diablo A 11 (7294)
Ni std SRM 986 3 (7295)
Canyon Diablo A 12 (7296)
Ni std SRM 986 4 (7297)
April 29 08
Ni std SRM 986 2 (7478)
Canyon Diablo A 13 (7479)
Ni std SRM 986 3 (7480)
Canyon Diablo A 14 (7481)
Ni std SRM 986 4 (7482)
Ni std SRM 986 6 (7483)
Canyon Diablo A 5 (7484)
Ni std SRM 986 7 (7485)
Canyon Diablo A 6 (7486)
Ni std SRM 986 8 (7487)
Canyon Diablo A 7 (7488)
Ni std SRM 986 9 (7489)
Canyon Diablo A 8 (7490)
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Table A3.1 (c) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data




in redEichrom Ni resin 
Ni std SRM 986 0.3851895 2.18E-06 11.3   5.340480E-02 5.06E-07 18.9   
Canyon Diablo B 0.3851819 1.99E-06 10.3 -0.231 0.148 5.340403E-02 5.03E-07 18.8 -0.219 0.268
Ni std SRM 986 0.3851921 1.90E-06 9.9  0.067 5.340560E-02 5.09E-07 19.1  0.150
Canyon Diablo B 0.3851920 1.97E-06 10.2 0.082 0.140 5.340591E-02 4.75E-07 17.8 0.211 0.257
Ni std SRM 986 0.3851856 1.78E-06 9.2  -0.169 5.340397E-02 4.83E-07 18.1  -0.305
Canyon Diablo B 0.3851943 1.91E-06 9.9 0.200 0.141 5.340565E-02 4.72E-07 17.7 0.168 0.264
Ni std SRM 986 0.3851876 2.08E-06 10.8  0.052 5.340554E-02 5.63E-07 21.1  0.294
Canyon Diablo B 0.3851877 1.93E-06 10.0 -0.047 0.151 5.340537E-02 5.47E-07 20.5 -0.052 0.288
Ni std SRM 986 0.3851914 2.27E-06 11.8  0.099 5.340576E-02 5.14E-07 19.2  0.041
Canyon Diablo B 0.3851908 2.09E-06 10.9 -0.010 0.164 5.340599E-02 4.97E-07 18.6 -0.106 0.268
Ni std SRM 986 0.3851910 2.48E-06 12.9  -0.010 5.340735E-02 5.18E-07 19.4  0.298
Ni std SRM 986 0.3851920 1.87E-06 9.7   5.340580E-02 4.68E-07 17.5   
Canyon Diablo B 0.3851958 1.85E-06 9.6 0.035 0.139 5.340675E-02 4.70E-07 17.6 0.140 0.246
Ni std SRM 986 0.3851969 2.02E-06 10.5  0.127 5.340620E-02 4.52E-07 16.9  0.075
Canyon Diablo B 0.3851961 1.97E-06 10.2 -0.025 0.148 5.340696E-02 4.84E-07 18.1 0.143 0.252
Ni std SRM 986 0.3851972 2.09E-06 10.9  0.008 5.340619E-02 4.84E-07 18.1  -0.002
Canyon Diablo B 0.3851904 1.85E-06 9.6 -0.140 0.150 5.340611E-02 5.47E-07 20.5 0.037 0.276
Ni std SRM 986 0.3851944 2.36E-06 12.3  -0.073 5.340564E-02 5.03E-07 18.8  -0.103
Canyon Diablo B 0.3851926 2.67E-06 13.9 0.006 0.191 5.340614E-02 5.42E-07 20.3 -0.023 0.280
Ni std SRM 986 0.3851903 2.67E-06 13.9  -0.106 5.340689E-02 5.30E-07 19.8  0.234
Canyon Diablo B 0.3851888 2.95E-06 15.3 0.010 0.207 5.340578E-02 5.79E-07 21.7 -0.118 0.294
Ni std SRM 986 0.3851865 2.71E-06 14.1  -0.099 5.340593E-02 5.27E-07 19.7  -0.180
mean (DMG) -0.012 0.018
2 sd 0.233 0.288
2 se 0.074 0.091
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se




in redEichrom Ni resin 
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B





0.3851273 1.70E-06 8.8   1.674035E-02 1.20E-07 14.3   
0.3851267 1.45E-06 7.5 -0.014 0.114 1.674053E-02 1.19E-07 14.2 0.164 0.202
0.3851272 1.57E-06 8.2  -0.003 1.674016E-02 1.21E-07 14.5  -0.113
0.3851279 1.59E-06 8.3 0.003 0.113 1.674009E-02 1.13E-07 13.5 -0.158 0.195
0.3851284 1.40E-06 7.3  0.031 1.674055E-02 1.15E-07 13.7  0.233
0.3851270 1.63E-06 8.5 -0.008 0.120 1.674015E-02 1.12E-07 13.4 -0.128 0.200
0.3851262 1.83E-06 9.5  -0.057 1.674018E-02 1.34E-07 16.0  -0.221
0.3851259 1.81E-06 9.4 -0.022 0.135 1.674022E-02 1.30E-07 15.5 0.042 0.218
0.3851273 1.91E-06 9.9  0.029 1.674012E-02 1.22E-07 14.6  -0.036
0.3851239 2.01E-06 10.4 -0.008 0.152 1.674007E-02 1.18E-07 14.1 0.081 0.203
0.3851211 2.33E-06 12.1  -0.161 1.673975E-02 1.23E-07 14.7  -0.221
0.3851261 1.57E-06 8.2   1.674011E-02 1.11E-07 13.3   
0.3851266 1.60E-06 8.3 -0.029 0.118 1.673989E-02 1.11E-07 13.3 -0.105 0.186
0.3851293 1.68E-06 8.7  0.083 1.674002E-02 1.07E-07 12.8  -0.054
0.3851291 1.71E-06 8.9 -0.013 0.124 1.673984E-02 1.15E-07 13.7 -0.108 0.191
0.3851299 1.68E-06 8.7  0.016 1.674002E-02 1.15E-07 13.7  0.000
0.3851277 1.92E-06 10.0 -0.079 0.141 1.674004E-02 1.30E-07 15.5 -0.027 0.209
0.3851316 2.13E-06 11.1  0.044 1.674015E-02 1.19E-07 14.2  0.078
0.3851260 3.16E-06 16.4 -0.068 0.211 1.674004E-02 1.28E-07 15.3 0.021 0.212
0.3851256 2.94E-06 15.3  -0.156 1.673986E-02 1.26E-07 15.1  -0.173
0.3851262 3.66E-06 19.0 0.022 0.248 1.674012E-02 1.37E-07 16.4 0.090 0.222
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 





5.340751E-02 4.65E-07 17.4   1.674486E-02 1.41E-07 16.8   
5.340767E-02 3.97E-07 14.9 0.029 0.224 1.674535E-02 1.29E-07 15.4 0.343 0.221
5.340752E-02 4.30E-07 16.1  0.002 1.674469E-02 1.23E-07 14.7  -0.102
5.340734E-02 4.33E-07 16.2 -0.003 0.223 1.674470E-02 1.28E-07 15.3 -0.119 0.209
5.340719E-02 3.83E-07 14.3  -0.062 1.674511E-02 1.15E-07 13.7  0.251
5.340758E-02 4.44E-07 16.6 0.017 0.235 1.674456E-02 1.24E-07 14.8 -0.290 0.211
5.340779E-02 4.99E-07 18.7  0.112 1.674498E-02 1.35E-07 16.1  -0.078
5.340788E-02 4.95E-07 18.5 0.045 0.266 1.674498E-02 1.25E-07 14.9 0.072 0.225
5.340749E-02 5.22E-07 19.5  -0.056 1.674474E-02 1.47E-07 17.6  -0.143
5.340843E-02 5.48E-07 20.5 0.016 0.299 1.674478E-02 1.36E-07 16.2 0.018 0.245
5.340920E-02 6.35E-07 23.8  0.320 1.674476E-02 1.60E-07 19.1  0.012
5.340782E-02 4.29E-07 16.1   1.674470E-02 1.21E-07 14.5   
5.340770E-02 4.37E-07 16.4 0.058 0.233 1.674446E-02 1.20E-07 14.3 -0.048 0.208
5.340696E-02 4.59E-07 17.2  -0.161 1.674438E-02 1.31E-07 15.6  -0.191
5.340700E-02 4.66E-07 17.5 0.024 0.245 1.674444E-02 1.28E-07 15.3 0.039 0.220
5.340678E-02 4.60E-07 17.2  -0.034 1.674437E-02 1.35E-07 16.1  -0.006
5.340740E-02 5.24E-07 19.6 0.158 0.278 1.674480E-02 1.19E-07 14.2 0.206 0.223
5.340633E-02 5.82E-07 21.8  -0.084 1.674454E-02 1.53E-07 18.3  0.102
5.340785E-02 8.62E-07 32.3 0.130 0.416 1.674466E-02 1.73E-07 20.7 -0.009 0.284
5.340798E-02 8.03E-07 30.1  0.309 1.674481E-02 1.73E-07 20.7  0.161
5.340780E-02 1.00E-06 37.4 -0.045 0.488 1.674491E-02 1.91E-07 22.8 -0.015 0.309





Eichrom Ni resin 
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Canyon Diablo Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
Eichrom Ni resin 
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B
Ni std SRM 986
Canyon Diablo B





1.811744E-02 4.95E-07  0.4061354 7.68E-06  
1.812042E-02 3.19E-07 0.122 0.4061737 4.92E-06 0.068
1.811898E-02 4.56E-07  0.4061566 7.13E-06  
1.812018E-02 2.14E-07 -0.598 0.4061755 3.70E-06 -0.395
1.814307E-02 6.63E-07  0.4065155 1.00E-05  
1.815131E-02 3.30E-07 -0.001 0.4066445 5.38E-06 0.017
1.815959E-02 4.26E-07  0.4067596 6.44E-06  
1.815570E-02 4.60E-07 -0.260 0.4066984 7.10E-06 -0.190
1.816126E-02 3.54E-07  0.4067915 5.74E-06  
1.816714E-02 4.64E-07 -0.159 0.4068784 7.17E-06 -0.110
1.817879E-02 3.75E-07  0.4070551 6.25E-06  
1.813622E-02 3.73E-07  0.4064122 5.73E-06  
1.813913E-02 3.36E-07 -0.274 0.4064597 5.23E-06 -0.182
1.815197E-02 3.67E-07  0.4066553 5.56E-06  
1.815579E-02 3.48E-07 0.024 0.4067134 5.59E-06 0.020
1.815875E-02 4.31E-07  0.4067550 6.80E-06  
1.815886E-02 3.52E-07 -0.792 0.4067589 5.44E-06 -0.526
1.818775E-02 6.53E-07  0.4071909 1.01E-05  
1.821613E-02 5.10E-07 0.644 0.4076133 8.39E-06 0.418
1.822107E-02 4.78E-07  0.4076947 8.43E-06  
1.822374E-02 4.52E-07 0.289 0.4077328 8.23E-06 0.191
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Table A3.1 (a) MC-ICPMS data for Toluca Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 3  08
Ni std SRM 986 1 (6625) 0.3852247 2.01E-06 10.4 5.339531E-02 4.74E-07 17.8
Toluca T 1 (6626) 0.3852229 1.85E-06 9.6 0.032 0.142 5.339664E-02 4.70E-07 17.6 -0.039 0.254
Ni std SRM 986 2 (6627) 0.3852186 2.00E-06 10.4 -0.158 5.339839E-02 5.00E-07 18.7 0.577
Toluca T 2 (6628) 0.3852189 1.94E-06 10.1 -0.087 0.141 5.339706E-02 4.73E-07 17.7 -0.060 0.255
Ni std SRM 986 3 (6629) 0.3852259 1.78E-06 9.2 0.189 5.339637E-02 4.76E-07 17.8 -0.378
Toluca T 3 (6630) 0.3852233 2.00E-06 10.4 -0.014 0.141 5.339659E-02 4.90E-07 18.4 0.172 0.254
Ni std SRM 986 4 (6631) 0.3852218 1.87E-06 9.7 -0.106 5.339497E-02 4.58E-07 17.2 -0.262
Toluca T 4 (6632) 0.3852211 2.06E-06 10.7 -0.099 0.142 5.339630E-02 4.65E-07 17.4 0.112 0.246
Ni std SRM 986 5 (6633) 0.3852280 1.73E-06 9.0 0.161 5.339643E-02 4.66E-07 17.5 0.273
Ni std SRM 986 1 (6634) 0.3852240 1.81E-06 9.4 5.339621E-02 4.75E-07 17.8
Toluca T 5 (6635) 0.3852240 2.11E-06 11.0 -0.112 0.146 5.339778E-02 4.76E-07 17.8 -0.009 0.250
Ni std SRM 986 2 (6636) 0.3852326 1.90E-06 9.9 0.223 5.339945E-02 4.59E-07 17.2 0.607
Ni std SRM 986 4 (6640) 0.3852288 2.12E-06 11.0 -0.099 5.339659E-02 4.27E-07 16.0 -0.536
Toluca T 6 (6641) 0.3852298 1.92E-06 10.0 0.038 0.144 5.339715E-02 4.49E-07 16.8 -0.212 0.239
Ni std SRM 986 5 (6642) 0.3852279 1.90E-06 9.9 -0.023 5.339711E-02 4.78E-07 17.9 0.097
Ni std SRM 986 6 (6643) 0.3852265 1.95E-06 10.1 5.339653E-02 4.56E-07 17.1
Toluca T 7 9 (6644) 0.3852260 1.75E-06 9.1 0.092 0.132 5.339744E-02 4.57E-07 17.1 0.240 0.238
Ni std SRM 986 7 (6645) 0.3852184 1.76E-06 9.1 -0.210 5.339579E-02 4.26E-07 16.0 -0.139
Toluca T 8 (6646) 0.3852191 1.83E-06 9.5 -0.031 0.131 5.339619E-02 4.41E-07 16.5 0.137 0.232
Ni std SRM 986 8 (6647) 0.3852222 1.72E-06 8.9 0.099 5.339513E-02 4.45E-07 16.7 -0.124
Toluca T 9 (6648) 0.3852192 1.84E-06 9.6 0.025 0.130 5.339698E-02 4.12E-07 15.4 0.445 0.231
Ni std SRM 986 9 (6649) 0.3852143 1.67E-06 8.7 -0.205 5.339408E-02 4.71E-07 17.6 -0.197
Toluca T 10 (6650) 0.3852169 1.84E-06 9.6 0.064 0.133 5.339524E-02 4.04E-07 15.1 0.136 0.231
Ni std SRM 986 10 (6651) 0.3852146 1.89E-06 9.8 0.008 5.339495E-02 4.61E-07 17.3 0.163
mean (TEVA) -0.009 0.092
2 sd 0.143 0.365
2 se 0.045 0.115
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ± 2 se ε61Niε60Ni ± se






April 3  08
Ni std SRM 986 1 (6625)
Toluca T 1 (6626)
Ni std SRM 986 2 (6627)
Toluca T 2 (6628)
Ni std SRM 986 3 (6629)
Toluca T 3 (6630)
Ni std SRM 986 4 (6631)
Toluca T 4 (6632)
Ni std SRM 986 5 (6633)
Ni std SRM 986 1 (6634)
Toluca T 5 (6635)
Ni std SRM 986 2 (6636)
Ni std SRM 986 4 (6640)
Toluca T 6 (6641)
Ni std SRM 986 5 (6642)
Ni std SRM 986 6 (6643)
Toluca T 7 9 (6644)
Ni std SRM 986 7 (6645)
Toluca T 8 (6646)
Ni std SRM 986 8 (6647)
Toluca T 9 (6648)
Ni std SRM 986 9 (6649)
Toluca T 10 (6650)





0.3851993 1.68E-06 8.7 1.674260E-02 1.12E-07 13.4
0.3851919 1.67E-06 8.7 0.031 0.119 1.674229E-02 1.12E-07 13.4 0.033 0.192
0.3851821 1.46E-06 7.6 -0.447 1.674187E-02 1.19E-07 14.2 -0.436
0.3851886 1.56E-06 8.1 -0.023 0.115 1.674219E-02 1.12E-07 13.4 0.048 0.193
0.3851969 1.66E-06 8.6 0.384 1.674235E-02 1.13E-07 13.5 0.287
0.3851898 1.60E-06 8.3 -0.164 0.116 1.674230E-02 1.16E-07 13.9 -0.128 0.192
0.3851953 1.46E-06 7.6 -0.042 1.674268E-02 1.09E-07 13.0 0.197
0.3851909 1.67E-06 8.7 -0.131 0.121 1.674237E-02 1.10E-07 13.1 -0.084 0.185
0.3851966 1.78E-06 9.2 0.034 1.674234E-02 1.10E-07 13.1 -0.203
0.3851959 1.56E-06 8.1 1.674237E-02 1.12E-07 13.4
0.3851904 1.71E-06 8.9 -0.099 0.119 1.674202E-02 1.13E-07 13.5 0.015 0.189
0.3851925 1.48E-06 7.7 -0.088 1.674162E-02 1.09E-07 13.0 -0.448
0.3851993 1.83E-06 9.5 0.177 1.674230E-02 1.01E-07 12.1 0.406
0.3851950 1.77E-06 9.2 -0.035 0.128 1.674217E-02 1.06E-07 12.7 -0.042 0.180
0.3851934 1.62E-06 8.4 -0.153 1.674218E-02 1.13E-07 13.5 -0.072
0.3851951 1.65E-06 8.6 1.674231E-02 1.08E-07 12.9
0.3851920 1.60E-06 8.3 -0.044 0.114 1.674210E-02 1.08E-07 12.9 -0.179 0.180
0.3851923 1.32E-06 6.9 -0.073 1.674249E-02 1.01E-07 12.1 0.108
0.3851900 1.69E-06 8.8 -0.131 0.119 1.674239E-02 1.04E-07 12.4 -0.108 0.175
0.3851978 1.73E-06 9.0 0.143 1.674265E-02 1.06E-07 12.7 0.096
0.3851835 1.50E-06 7.8 -0.343 0.113 1.674221E-02 9.76E-08 11.7 -0.334 0.175
0.3851956 1.39E-06 7.2 -0.057 1.674289E-02 1.12E-07 13.4 0.143
0.3851911 1.74E-06 9.0 -0.047 0.121 1.674262E-02 9.57E-08 11.4 -0.102 0.175
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 






5.338785E-02 4.59E-07 17.2 1.674259E-02 1.30E-07 15.5
5.338988E-02 4.55E-07 17.0 -0.060 0.234 1.674270E-02 1.20E-07 14.3 -0.051 0.211
5.339255E-02 3.97E-07 14.9 0.880 1.674298E-02 1.30E-07 15.5 0.233
5.339076E-02 4.27E-07 16.0 0.044 0.226 1.674296E-02 1.26E-07 15.1 0.131 0.210
5.338850E-02 4.52E-07 16.9 -0.759 1.674250E-02 1.15E-07 13.7 -0.287
5.339045E-02 4.37E-07 16.4 0.324 0.229 1.674230E-02 1.30E-07 15.5 -0.203 0.210
5.338894E-02 3.99E-07 14.9 0.082 1.674278E-02 1.21E-07 14.5 0.167
5.339015E-02 4.57E-07 17.1 0.258 0.239 1.674282E-02 1.33E-07 15.9 0.146 0.211
5.338860E-02 4.87E-07 18.2 -0.064 1.674237E-02 1.12E-07 13.4 -0.245
5.338877E-02 4.27E-07 16.0 1.674263E-02 1.17E-07 14.0
5.339028E-02 4.67E-07 17.5 0.196 0.234 1.674263E-02 1.36E-07 16.2 0.167 0.217
5.338970E-02 4.04E-07 15.1 0.174 1.674207E-02 1.23E-07 14.7 -0.334
5.338786E-02 4.99E-07 18.7 -0.345 1.674232E-02 1.37E-07 16.4 0.149
5.338902E-02 4.82E-07 18.1 0.067 0.253 1.674226E-02 1.24E-07 14.8 -0.054 0.215
5.338946E-02 4.42E-07 16.6 0.300 1.674238E-02 1.23E-07 14.7 0.036
5.338900E-02 4.51E-07 16.9 1.674247E-02 1.26E-07 15.1
5.338986E-02 4.36E-07 16.3 0.089 0.224 1.674250E-02 1.13E-07 13.5 -0.137 0.197
5.338977E-02 3.60E-07 13.5 0.144 1.674299E-02 1.14E-07 13.6 0.311
5.339040E-02 4.61E-07 17.3 0.259 0.233 1.674294E-02 1.18E-07 14.1 0.042 0.195
5.338826E-02 4.71E-07 17.6 -0.283 1.674275E-02 1.11E-07 13.3 -0.143
5.339217E-02 4.09E-07 15.3 0.675 0.222 1.674294E-02 1.19E-07 14.2 -0.039 0.193
5.338887E-02 3.80E-07 14.2 0.114 1.674326E-02 1.08E-07 12.9 0.305
5.339009E-02 4.76E-07 17.8 0.092 0.239 1.674309E-02 1.19E-07 14.2 -0.096 0.198





April 3  08
Ni std SRM 986 1 (6625)
Toluca T 1 (6626)
Ni std SRM 986 2 (6627)
Toluca T 2 (6628)
Ni std SRM 986 3 (6629)
Toluca T 3 (6630)
Ni std SRM 986 4 (6631)
Toluca T 4 (6632)
Ni std SRM 986 5 (6633)
Ni std SRM 986 1 (6634)
Toluca T 5 (6635)
Ni std SRM 986 2 (6636)
Ni std SRM 986 4 (6640)
Toluca T 6 (6641)
Ni std SRM 986 5 (6642)
Ni std SRM 986 6 (6643)
Toluca T 7 9 (6644)
Ni std SRM 986 7 (6645)
Toluca T 8 (6646)
Ni std SRM 986 8 (6647)
Toluca T 9 (6648)
Ni std SRM 986 9 (6649)
Toluca T 10 (6650)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.822651E-02 1.90E-07 0.4078078 3.37E-06
1.822715E-02 1.60E-07 -0.253 0.4078189 2.72E-06 -0.160
1.823702E-02 1.62E-07 0.4079604 2.59E-06
1.823184E-02 1.84E-07 -0.128 0.4078862 2.89E-06 -0.088
1.823134E-02 1.76E-07 0.4078835 3.01E-06
1.823216E-02 1.51E-07 -0.025 0.4078894 2.69E-06 -0.026
1.823390E-02 1.82E-07 0.4079163 2.97E-06
1.823378E-02 1.60E-07 -0.031 0.4079154 3.05E-06 -0.026
1.823478E-02 1.78E-07 0.4079354 3.20E-06
1.823488E-02 1.85E-07 0.4079329 3.12E-06
1.823471E-02 1.85E-07 -0.218 0.4079312 3.37E-06 -0.159
1.824251E-02 1.64E-07 0.4080590 2.80E-06
1.823787E-02 1.74E-07 0.4079840 3.51E-06
1.823937E-02 1.85E-07 -0.012 0.4080048 3.47E-06 -0.009
1.824132E-02 1.68E-07 0.4080333 3.01E-06
1.822387E-02 1.51E-07 0.4077716 2.77E-06
1.822049E-02 1.63E-07 -0.291 0.4077201 2.78E-06 -0.187
1.822772E-02 1.69E-07 0.4078209 2.86E-06
1.822000E-02 1.95E-07 -0.295 0.4077037 3.57E-06 -0.207
1.822303E-02 1.93E-07 0.4077550 3.31E-06
1.822365E-02 1.85E-07 0.041 0.4077575 2.95E-06 0.023
1.822276E-02 1.69E-07 0.4077413 2.73E-06
1.822120E-02 1.91E-07 -0.049 0.4077187 3.48E-06 -0.032





Ni std SRM 986 1 (6625)
Toluca T 1 (6626)
Ni std SRM 986 2 (6627)
Toluca T 2 (6628)
Ni std SRM 986 3 (6629)
Toluca T 3 (6630)
Ni std SRM 986 4 (6631)
Toluca T 4 (6632)
Ni std SRM 986 5 (6633)
Ni std SRM 986 1 (6634)
Toluca T 5 (6635)
Ni std SRM 986 2 (6636)
Ni std SRM 986 4 (6640)
Toluca T 6 (6641)
Ni std SRM 986 5 (6642)
Ni std SRM 986 6 (6643)
Toluca T 7 9 (6644)
Ni std SRM 986 7 (6645)
Toluca T 8 (6646)
Ni std SRM 986 8 (6647)
Toluca T 9 (6648)
Ni std SRM 986 9 (6649)
Toluca T 10 (6650)
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Table A3.1 (b) MC-ICPMS data for Toluca Fe-Ni metal processed through Anion spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 1 (6717) 0.3852316 1.94E-06 10.1 5.339865E-02 4.86E-07 18.2
Toluca A 1 (6718) 0.3852295 1.88E-06 9.8 0.031 0.140 5.339874E-02 4.48E-07 16.8 0.277 0.251
Ni std SRM 986 2 (6719) 0.3852250 1.93E-06 10.0 -0.171 5.339587E-02 5.09E-07 19.1 -0.521
Toluca A 2 (6720) 0.3852215 1.75E-06 9.1 -0.077 0.141 5.339803E-02 4.80E-07 18.0 0.365 0.266
Ni std SRM 986 3 (6721) 0.3852239 2.21E-06 11.5 -0.029 5.339629E-02 5.37E-07 20.1 0.079
Toluca A  3 (6722) 0.3852171 1.78E-06 9.2 -0.103 0.140 5.339645E-02 4.73E-07 17.7 0.115 0.261
Ni std SRM 986 4 (6723) 0.3852182 1.84E-06 9.6 -0.148 5.339538E-02 4.85E-07 18.2 -0.170
Ni std SRM 986 5 (6725) 0.3852313 1.90E-06 9.9 5.339785E-02 4.70E-07 17.6
Toluca A 4 (6726) 0.3852226 1.81E-06 9.4 -0.067 0.134 5.339631E-02 4.26E-07 16.0 -0.051 0.234
Ni std SRM 986 6 (6727) 0.3852191 1.77E-06 9.2 -0.317 5.339531E-02 4.41E-07 16.5 -0.476
Toluca A 5 (6728) 0.3852227 1.81E-06 9.4 0.023 0.130 5.339667E-02 4.33E-07 16.2 0.112 0.232
Ni std SRM 986 7 (6729) 0.3852245 1.68E-06 8.7 0.140 5.339683E-02 4.46E-07 16.7 0.285
Toluca A 6 (6730) 0.3852184 1.58E-06 8.2 -0.066 0.124 5.339773E-02 4.16E-07 15.6 0.270 0.229
Ni std SRM 986 8 (6731) 0.3852174 1.88E-06 9.8 -0.184 5.339575E-02 4.53E-07 17.0 -0.202
Toluca A 7 (6732) 0.3852195 1.76E-06 9.1 0.032 0.131 5.339722E-02 4.67E-07 17.5 0.156 0.242
Ni std SRM 986 9 (6733) 0.3852191 1.71E-06 8.9 0.044 5.339702E-02 4.40E-07 16.5 0.238
Ni std SRM 986 10 (6734) 0.3852197 1.87E-06 9.7 5.339582E-02 4.20E-07 15.7
Toluca A 8 (6735) 0.3852200 1.76E-06 9.1 0.012 0.132 5.339620E-02 4.55E-07 17.0 0.043 0.234
Ni std SRM 986 11 (6736) 0.3852194 1.80E-06 9.3 -0.008 5.339612E-02 4.37E-07 16.4 0.056
Toluca A 9 (6737) 0.3852155 1.63E-06 8.5 -0.101 0.122 5.339449E-02 4.26E-07 16.0 -0.235 0.224
Ni std SRM 986 12 (6738) 0.3852194 1.55E-06 8.0 0.000 5.339537E-02 4.05E-07 15.2 -0.140
Toluca A 10 (6739) 0.3852147 1.64E-06 8.5 -0.043 0.118 5.339594E-02 4.24E-07 15.9 0.149 0.225
Ni std SRM 986 13 (6741) 0.3852133 1.62E-06 8.4 -0.158 5.339492E-02 4.46E-07 16.7 -0.084
Toluca A 11 (6740) 0.3852185 1.75E-06 9.1 0.116 0.125 5.339571E-02 4.11E-07 15.4 0.102 0.226
Ni std SRM 986 14 (6742) 0.3852148 1.71E-06 8.9 0.039 5.339541E-02 4.36E-07 16.3 0.092
mean (ANION) -0.022 0.119
2 sd 0.139 0.329
2 se 0.042 0.099
n 11 11
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62Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851925 1.47E-06 7.6 1.674181E-02 1.15E-07 13.7
0.3851904 1.22E-06 6.3 -0.092 0.100 1.674179E-02 1.06E-07 12.7 -0.209 0.190
0.3851954 1.51E-06 7.8 0.075 1.674247E-02 1.21E-07 14.5 0.394
0.3851851 1.22E-06 6.3 -0.265 0.097 1.674196E-02 1.14E-07 13.6 -0.275 0.201
0.3851952 1.33E-06 6.9 -0.005 1.674237E-02 1.27E-07 15.2 -0.060
0.3851858 1.43E-06 7.4 -0.171 0.100 1.674233E-02 1.12E-07 13.4 -0.090 0.197
0.3851896 1.23E-06 6.4 -0.145 1.674259E-02 1.15E-07 13.7 0.131
0.3851960 1.31E-06 6.8 1.674200E-02 1.12E-07 13.4 -0.352
0.3851905 1.19E-06 6.2 -0.105 0.094 1.674236E-02 1.01E-07 12.1 0.036 0.177
0.3851931 1.41E-06 7.3 -0.075 1.674260E-02 1.05E-07 12.5 0.358
0.3851915 1.35E-06 7.0 -0.022 0.097 1.674228E-02 1.03E-07 12.3 -0.084 0.176
0.3851916 1.18E-06 6.1 -0.039 1.674224E-02 1.06E-07 12.7 -0.215
0.3851834 1.32E-06 6.9 -0.187 0.095 1.674203E-02 9.86E-08 11.8 -0.203 0.173
0.3851896 1.36E-06 7.1 -0.052 1.674250E-02 1.07E-07 12.8 0.155
0.3851859 1.18E-06 6.1 -0.040 0.092 1.674215E-02 1.11E-07 13.3 -0.119 0.183
0.3851853 1.28E-06 6.6 -0.112 1.674220E-02 1.04E-07 12.4 -0.179
0.3851913 1.36E-06 7.1 1.674248E-02 9.97E-08 11.9 0.167
0.3851889 1.33E-06 6.9 -0.051 0.097 1.674239E-02 1.08E-07 12.9 -0.033 0.177
0.3851904 1.27E-06 6.6 -0.023 1.674241E-02 1.04E-07 12.4 -0.042
0.3851923 1.36E-06 7.1 0.035 0.096 1.674280E-02 1.01E-07 12.1 0.179 0.170
0.3851915 1.24E-06 6.4 0.029 1.674259E-02 9.61E-08 11.5 0.108
0.3851862 1.31E-06 6.8 -0.105 0.094 1.674245E-02 1.01E-07 12.1 -0.113 0.171
0.3851890 1.28E-06 6.6 -0.065 1.674269E-02 1.06E-07 12.7 0.060
0.3851900 1.43E-06 7.4 0.026 0.101 1.674251E-02 9.76E-08 11.7 -0.075 0.171






Ni std SRM 986 1 (6717)
Toluca A 1 (6718)
Ni std SRM 986 2 (6719)
Toluca A 2 (6720)
Ni std SRM 986 3 (6721)
Toluca A  3 (6722)
Ni std SRM 986 4 (6723)
Ni std SRM 986 5 (6725)
Toluca A 4 (6726)
Ni std SRM 986 6 (6727)
Toluca A 5 (6728)
Ni std SRM 986 7 (6729)
Toluca A 6 (6730)
Ni std SRM 986 8 (6731)
Toluca A 7 (6732)
Ni std SRM 986 9 (6733)
Ni std SRM 986 10 (6734)
Toluca A 8 (6735)
Ni std SRM 986 11 (6736)
Toluca A 9 (6737)
Ni std SRM 986 12 (6738)
Toluca A 10 (6739)
Ni std SRM 986 13 (6741)
Toluca A 11 (6740)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 






5.338972E-02 4.00E-07 15.0 1.674214E-02 1.25E-07 14.9
5.339027E-02 3.34E-07 12.5 0.177 0.197 1.674228E-02 1.21E-07 14.5 -0.042 0.208
5.338893E-02 4.13E-07 15.5 -0.148 1.674256E-02 1.25E-07 14.9 0.251
5.339172E-02 3.32E-07 12.4 0.518 0.192 1.674279E-02 1.13E-07 13.5 0.116 0.210
5.338898E-02 3.63E-07 13.6 0.009 1.674263E-02 1.43E-07 17.1 0.042
5.339154E-02 3.90E-07 14.6 0.337 0.196 1.674307E-02 1.15E-07 13.7 0.152 0.209
5.339050E-02 3.36E-07 12.6 0.285 1.674300E-02 1.19E-07 14.2 0.221
5.338876E-02 3.57E-07 13.4 1.674216E-02 1.23E-07 14.7
5.339026E-02 3.25E-07 12.2 0.208 0.185 1.674272E-02 1.17E-07 14.0 0.099 0.199
5.338954E-02 3.84E-07 14.4 0.146 1.674295E-02 1.15E-07 13.7 0.472
5.338999E-02 3.68E-07 13.8 0.045 0.191 1.674272E-02 1.17E-07 14.0 -0.033 0.194
5.338996E-02 3.23E-07 12.1 0.079 1.674260E-02 1.09E-07 13.0 -0.209
5.339220E-02 3.59E-07 13.4 0.369 0.187 1.674299E-02 1.02E-07 12.2 0.102 0.184
5.339050E-02 3.70E-07 13.9 0.101 1.674304E-02 1.22E-07 14.6 0.263
5.339151E-02 3.23E-07 12.1 0.080 0.181 1.674292E-02 1.14E-07 13.6 -0.045 0.194
5.339167E-02 3.51E-07 13.1 0.219 1.674295E-02 1.10E-07 13.1 -0.054
5.339003E-02 3.71E-07 13.9 1.674291E-02 1.21E-07 14.5
5.339070E-02 3.63E-07 13.6 0.101 0.191 1.674289E-02 1.14E-07 13.6 -0.018 0.197
5.339029E-02 3.47E-07 13.0 0.049 1.674293E-02 1.17E-07 14.0 0.012
5.338975E-02 3.72E-07 13.9 -0.071 0.189 1.674318E-02 1.06E-07 12.7 0.149 0.182
5.338997E-02 3.38E-07 12.7 -0.060 1.674293E-02 1.01E-07 12.1 0.000
5.339142E-02 3.58E-07 13.4 0.208 0.186 1.674323E-02 1.06E-07 12.7 0.063 0.177
5.339065E-02 3.48E-07 13.0 0.127 1.674332E-02 1.05E-07 12.5 0.233
5.339039E-02 3.89E-07 14.6 -0.051 0.198 1.674298E-02 1.13E-07 13.5 -0.173 0.186






Ni std SRM 986 1 (6717)
Toluca A 1 (6718)
Ni std SRM 986 2 (6719)
Toluca A 2 (6720)
Ni std SRM 986 3 (6721)
Toluca A  3 (6722)
Ni std SRM 986 4 (6723)
Ni std SRM 986 5 (6725)
Toluca A 4 (6726)
Ni std SRM 986 6 (6727)
Toluca A 5 (6728)
Ni std SRM 986 7 (6729)
Toluca A 6 (6730)
Ni std SRM 986 8 (6731)
Toluca A 7 (6732)
Ni std SRM 986 9 (6733)
Ni std SRM 986 10 (6734)
Toluca A 8 (6735)
Ni std SRM 986 11 (6736)
Toluca A 9 (6737)
Ni std SRM 986 12 (6738)
Toluca A 10 (6739)
Ni std SRM 986 13 (6741)
Toluca A 11 (6740)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
1.824470E-02 1.44E-07 0.4080908 2.28E-06
1.824251E-02 1.37E-07 -0.149 0.4080519 2.25E-06 -0.103
1.824575E-02 1.60E-07 0.4080967 2.56E-06
1.824858E-02 1.45E-07 0.105 0.4081398 2.08E-06 0.068
1.824758E-02 1.46E-07 0.4081273 2.24E-06
1.824748E-02 1.49E-07 -0.001 0.4081152 2.17E-06 -0.012
1.824743E-02 1.55E-07 0.4081130 2.15E-06
1.824120E-02 1.81E-07 0.4080359 2.86E-06
1.824172E-02 1.32E-07 0.076 0.4080319 1.93E-06 0.037
1.823947E-02 1.50E-07 0.4079977 2.52E-06
1.823859E-02 1.35E-07 -0.075 0.4079881 2.34E-06 -0.047
1.824043E-02 1.33E-07 0.4080169 1.97E-06
1.824492E-02 1.35E-07 0.178 0.4080786 2.23E-06 0.112
1.824292E-02 1.41E-07 0.4080488 2.41E-06
1.824376E-02 1.34E-07 -0.007 0.4080625 2.04E-06 0.000
1.824484E-02 1.31E-07 0.4080761 1.95E-06
1.823610E-02 1.37E-07 0.4079488 2.32E-06
1.824095E-02 1.42E-07 0.236 0.4080202 2.16E-06 0.157
1.823720E-02 1.39E-07 0.4079636 2.11E-06
1.824071E-02 1.36E-07 0.155 0.4080126 2.16E-06 0.097
1.823856E-02 1.37E-07 0.4079826 2.13E-06
1.824561E-02 1.33E-07 0.216 0.4080850 2.20E-06 0.144
1.824479E-02 1.43E-07 0.4080698 2.28E-06
1.824118E-02 1.47E-07 -0.140 0.4080204 2.59E-06 -0.087





Ni std SRM 986 1 (6717)
Toluca A 1 (6718)
Ni std SRM 986 2 (6719)
Toluca A 2 (6720)
Ni std SRM 986 3 (6721)
Toluca A  3 (6722)
Ni std SRM 986 4 (6723)
Ni std SRM 986 5 (6725)
Toluca A 4 (6726)
Ni std SRM 986 6 (6727)
Toluca A 5 (6728)
Ni std SRM 986 7 (6729)
Toluca A 6 (6730)
Ni std SRM 986 8 (6731)
Toluca A 7 (6732)
Ni std SRM 986 9 (6733)
Ni std SRM 986 10 (6734)
Toluca A 8 (6735)
Ni std SRM 986 11 (6736)
Toluca A 9 (6737)
Ni std SRM 986 12 (6738)
Toluca A 10 (6739)
Ni std SRM 986 13 (6741)
Toluca A 11 (6740)
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Table A3.1 (c)  MC-ICPMS data for Toluca Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3852011 2.16E-06 11.2   5.339743E-02 4.80E-07 18.0   
Toluca 0.3852029 2.39E-06 12.4 0.044 0.165 5.339918E-02 5.27E-07 19.7 0.288 0.266
Ni std SRM 986 0.3852013 2.04E-06 10.6 0.005 5.339785E-02 4.76E-07 17.8 0.079
Toluca 0.3852026 2.19E-06 11.4 0.042 0.156 5.340019E-02 4.90E-07 18.4 0.315 0.258
Ni std SRM 986 0.3852007 2.08E-06 10.8 -0.016 5.339917E-02 4.92E-07 18.4 0.247
Toluca 0.3851933 2.14E-06 11.1 -0.136 0.163 5.339884E-02 5.35E-07 20.0 -0.023 0.277
Ni std SRM 986 0.3851964 2.51E-06 13.0 -0.112 5.339876E-02 5.28E-07 19.8 -0.077
Toluca 0.3851944 2.45E-06 12.7 -0.030 0.176 5.339851E-02 5.24E-07 19.6 -0.094 0.278
Ni std SRM 986 0.3851947 2.18E-06 11.3 -0.044 5.339926E-02 5.24E-07 19.6 0.094
Toluca 0.3851959 2.56E-06 13.3 -0.062 0.182 5.339963E-02 5.14E-07 19.3 0.123 0.267
Ni std SRM 986 0.3852019 2.61E-06 13.6 0.187 5.339869E-02 4.63E-07 17.3 -0.107
NI std SRM 986 0.3851917 1.89E-06 9.8   5.340192E-02 4.47E-07 16.7   
Toluca 0.3851886 2.10E-06 10.9 0.014 0.149 5.340106E-02 4.96E-07 18.6 0.009 0.258
Ni std SRM 986 0.3851844 2.04E-06 10.6 -0.190 5.340010E-02 5.09E-07 19.1 -0.341
Toluca 0.3851884 2.41E-06 12.5 0.013 0.166 5.340333E-02 5.19E-07 19.4 0.530 0.267
Ni std SRM 986 0.3851914 2.17E-06 11.3 0.182 5.340090E-02 4.70E-07 17.6 0.150
Toluca 0.3851968 2.38E-06 12.4 0.148 0.174 5.340392E-02 5.14E-07 19.2 0.438 0.266
Ni std SRM 986 0.3851908 2.51E-06 13.0 -0.016 5.340226E-02 5.10E-07 19.1 0.255
Ni std SRM 986 0.3851952 2.11E-06 11.0   5.340710E-02 4.43E-07 16.6   
Toluca 0.3851944 1.97E-06 10.2 -0.047 0.144 5.340732E-02 4.50E-07 16.9 0.031 0.233
Ni std SRM 986 0.3851972 1.81E-06 9.4 0.052 5.340721E-02 4.17E-07 15.6 0.021
NI std SRM 986 0.3851949 1.62E-06 8.4   5.340477E-02 4.12E-07 15.4   
Toluca 0.3851977 1.70E-06 8.8 0.122 0.125 5.340534E-02 4.58E-07 17.2 0.212 0.233
Ni std SRM 986 0.3851911 1.80E-06 9.3 -0.099 5.340365E-02 4.30E-07 16.1 -0.210
mean (DMG) 0.011 0.183
2 sd 0.170 0.417
2 se 0.054 0.132
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (c) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851664 1.75E-06 9.1   1.674210E-02 1.14E-07 13.6   
0.3851589 2.25E-06 11.7 -0.223 0.149 1.674168E-02 1.25E-07 14.9 -0.221 0.202
0.3851686 1.83E-06 9.5 0.057 1.674200E-02 1.13E-07 13.5 -0.060
0.3851603 2.11E-06 11.0 -0.103 0.147 1.674144E-02 1.16E-07 13.9 -0.242 0.195
0.3851599 1.92E-06 10.0 -0.226 1.674169E-02 1.17E-07 14.0 -0.185
0.3851550 2.23E-06 11.6 -0.147 0.167 1.674177E-02 1.27E-07 15.2 0.018 0.210
0.3851614 2.67E-06 13.9 0.039 1.674179E-02 1.25E-07 14.9 0.060
0.3851588 2.44E-06 12.7 0.001 0.181 1.674184E-02 1.24E-07 14.8 0.066 0.210
0.3851561 2.30E-06 11.9 -0.138 1.674167E-02 1.24E-07 14.8 -0.072
0.3851558 2.73E-06 14.2 -0.045 0.191 1.674158E-02 1.22E-07 14.6 -0.093 0.202
0.3851590 2.62E-06 13.6 0.075 1.674180E-02 1.10E-07 13.1 0.078
0.3851442 1.59E-06 8.3   1.674104E-02 1.06E-07 12.7   
0.3851400 1.94E-06 10.1 -0.087 0.135 1.674124E-02 1.18E-07 14.1 -0.009 0.196
0.3851425 1.85E-06 9.6 -0.044 1.674147E-02 1.21E-07 14.5 0.257
0.3851332 2.49E-06 12.9 -0.274 0.166 1.674070E-02 1.23E-07 14.7 -0.403 0.202
0.3851450 2.17E-06 11.3 0.065 1.674128E-02 1.12E-07 13.4 -0.113
0.3851390 2.66E-06 13.8 -0.084 0.187 1.674056E-02 1.22E-07 14.6 -0.332 0.202
0.3851395 2.67E-06 13.9 -0.143 1.674095E-02 1.21E-07 14.5 -0.197
0.3851267 1.84E-06 9.6   1.673981E-02 1.05E-07 12.5   
0.3851256 1.64E-06 8.5 -0.034 0.123 1.673976E-02 1.07E-07 12.8 -0.021 0.177
0.3851271 1.57E-06 8.2 0.010 1.673978E-02 9.88E-08 11.8 -0.018
0.3851332 1.45E-06 7.5   1.674036E-02 9.78E-08 11.7   
0.3851341 1.52E-06 7.9 0.044 0.112 1.674022E-02 1.09E-07 13.0 -0.161 0.177






Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
NI std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Ni std SRM 986
Toluca
Ni std SRM 986
NI std SRM 986
Toluca
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (c) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
NI std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Ni std SRM 986
Toluca
Ni std SRM 986
NI std SRM 986
Toluca





5.339682E-02 4.76E-07 17.8   1.674411E-02 1.40E-07 16.7   
5.339887E-02 6.15E-07 23.0 0.439 0.294 1.674400E-02 1.55E-07 18.5 -0.063 0.246
5.339623E-02 4.99E-07 18.7 -0.110 1.674410E-02 1.32E-07 15.8 -0.006
5.339850E-02 5.75E-07 21.5 0.202 0.288 1.674402E-02 1.42E-07 17.0 -0.060 0.233
5.339861E-02 5.23E-07 19.6 0.446 1.674414E-02 1.35E-07 16.1 0.024
5.339994E-02 6.08E-07 22.8 0.289 0.329 1.674462E-02 1.39E-07 16.6 0.203 0.243
5.339818E-02 7.27E-07 27.2 -0.081 1.674442E-02 1.62E-07 19.3 0.167
5.339891E-02 6.66E-07 24.9 0.000 0.356 1.674455E-02 1.59E-07 19.0 0.045 0.263
5.339964E-02 6.27E-07 23.5 0.273 1.674453E-02 1.41E-07 16.8 0.066
5.339960E-02 7.40E-07 27.7 0.066 0.375 1.674445E-02 1.66E-07 19.8 0.093 0.272
5.339885E-02 7.16E-07 26.8 -0.148 1.674406E-02 1.69E-07 20.2 -0.281
5.340289E-02 4.33E-07 16.2   1.674472E-02 1.23E-07 14.7   
5.340402E-02 5.30E-07 19.8 0.169 0.266 1.674492E-02 1.36E-07 16.2 -0.024 0.223
5.340335E-02 5.06E-07 19.0 0.086 1.674520E-02 1.32E-07 15.8 0.287
5.340588E-02 6.79E-07 25.4 0.536 0.328 1.674494E-02 1.56E-07 18.6 -0.018 0.247
5.340268E-02 5.93E-07 22.2 -0.125 1.674474E-02 1.40E-07 16.7 -0.275
5.340431E-02 7.27E-07 27.2 0.167 0.369 1.674439E-02 1.54E-07 18.4 -0.221 0.258
5.340416E-02 7.28E-07 27.3 0.277 1.674478E-02 1.62E-07 19.3 0.024
5.340766E-02 5.03E-07 18.8   1.674449E-02 1.36E-07 16.2   
5.340797E-02 4.49E-07 16.8 0.068 0.243 1.674455E-02 1.27E-07 15.2 0.075 0.214
5.340755E-02 4.30E-07 16.1 -0.021 1.674436E-02 1.17E-07 14.0 -0.078
5.340588E-02 3.95E-07 14.8   1.674451E-02 1.05E-07 12.5   
5.340565E-02 4.15E-07 15.5 -0.086 0.221 1.674433E-02 1.10E-07 13.1 -0.182 0.186
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Toluca Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.829471E-02 1.13E-06  0.4088096 1.71E-05  
1.832716E-02 1.38E-06 1.288 0.4093006 2.06E-05 0.879
1.831247E-02 1.04E-06  0.4090728 1.61E-05  
1.831881E-02 1.69E-06 0.564 0.4091705 2.56E-05 0.401
1.830448E-02 1.24E-06  0.4089399 1.83E-05  
1.832756E-02 7.48E-07 0.154 0.4093001 1.24E-05 0.131
1.834498E-02 1.55E-06  0.4095534 2.30E-05  
1.834240E-02 1.16E-06 -0.059 0.4095101 1.77E-05 -0.058
1.834199E-02 4.94E-07  0.4095139 7.92E-06  
1.836177E-02 7.64E-07 0.605 0.4098099 1.19E-05 0.403
1.835935E-02 1.27E-06  0.4097754 1.88E-05  
1.826999E-02 6.33E-07  0.4084300 9.44E-06  
1.830596E-02 3.69E-07 0.956 0.4089603 5.92E-06 0.632
1.830697E-02 4.39E-07  0.4089738 7.23E-06  
1.834654E-02 7.79E-07 1.721 0.4095686 1.19E-05 1.145
1.832307E-02 1.18E-06  0.4092262 1.80E-05  
1.835491E-02 8.30E-07 0.678 0.4097074 1.30E-05 0.476
1.836189E-02 4.26E-07  0.4097987 7.51E-06  
1.810836E-02 2.91E-07  0.4059973 4.65E-06  
1.811611E-02 3.82E-07 0.078 0.4061193 5.90E-06 0.059
1.812105E-02 2.79E-07  0.4061931 4.67E-06  
1.812551E-02 3.83E-07  0.4062565 6.08E-06  
1.814206E-02 2.52E-07 0.359 0.4065057 3.97E-06 0.245






Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
NI std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Toluca
Ni std SRM 986
Ni std SRM 986
Toluca
Ni std SRM 986
NI std SRM 986
Toluca
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Table A3.1 (a) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






0.3852048 1.93E-06 10.0 5.338878E-02 4.66E-07 17.5
0.3851942 2.06E-06 10.7 -0.238 0.147 5.338894E-02 4.74E-07 17.8 0.103 0.253
0.3852019 1.98E-06 10.3 -0.075 5.338800E-02 4.96E-07 18.6 -0.146
0.3851949 1.90E-06 9.9 -0.174 0.140 5.338938E-02 5.13E-07 19.2 0.243 0.263
0.3852013 1.85E-06 9.6 -0.016 5.338817E-02 4.61E-07 17.3 0.032
0.3852063 1.94E-06 10.1 5.338873E-02 5.17E-07 19.4
0.3852015 1.89E-06 9.8 -0.075 0.142 5.339017E-02 5.33E-07 20.0 0.247 0.278
0.3852025 1.99E-06 10.3 -0.099 5.338897E-02 5.15E-07 19.3 0.045
0.3851924 1.94E-06 10.1 -0.205 0.141 5.338813E-02 5.18E-07 19.4 -0.072 0.269
0.3851981 1.80E-06 9.3 -0.114 5.338806E-02 4.78E-07 17.9 -0.170
0.3851979 2.09E-06 10.9 -0.040 0.145 5.338960E-02 4.77E-07 17.9 0.252 0.256
0.3852008 1.88E-06 9.8 0.070 5.338845E-02 4.99E-07 18.7 0.073
0.3852004 2.09E-06 10.9 -0.014 0.144 5.339023E-02 4.89E-07 18.3 0.318 0.266
0.3852011 1.79E-06 9.3 0.008 5.338861E-02 5.32E-07 19.9 0.030
0.3852088 1.66E-06 8.6 5.338757E-02 4.57E-07 17.1
0.3852094 1.89E-06 9.8 0.096 0.131 5.338869E-02 5.01E-07 18.8 0.143 0.257
0.3852026 1.67E-06 8.7 -0.161 5.338828E-02 4.78E-07 17.9 0.133
0.3852083 2.01E-06 10.4 -0.029 0.139 5.338904E-02 4.78E-07 17.9 0.000 0.255
0.3852162 1.87E-06 9.7 0.353 5.338980E-02 4.89E-07 18.3 0.285
0.3852068 1.90E-06 9.9 -0.160 0.139 5.338703E-02 4.63E-07 17.3 -0.364 0.248
0.3852097 1.89E-06 9.8 -0.169 5.338815E-02 4.59E-07 17.2 -0.309
0.3852081 2.26E-06 11.7 0.021 0.155 5.338691E-02 4.48E-07 16.8 -0.142 0.249




April 27  08
Ni std SRM 986 4 (7409)
Sikhote Alin  1 (7410)
Ni std SRM 986 2 (7411)
Sikhote Alin  2 (7412)
Ni std SRM 986 3 (7413)
Ni std SRM 986 6 (7414)
Sikhote Alin  3 (7415)
Ni std SRM 986 7 (7416)
Sikhote Alin 4 (7417)
Ni std SRM 986 8 (7418)
Sikhote Alin 5 (7419)
Ni std SRM 986 9 (7420)
Sikhote Alin  6 (7421)
Ni std SRM 986 10 (7422)
Ni std SRM 986 6 (7424)
Sikhote Alin  3 (7425)
Ni std SRM 986 7 (7426)
Sikhote Alin 4 (7427)
Ni std SRM 986 8 (7428)
Sikhote Alin  5 (7429)
Ni std SRM 986 9 (7430)
Sikhote Alin  6 (7431)
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST 
SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3852005 1.33E-06 6.9 1.674415E-02 1.11E-07 13.3
0.3851917 1.49E-06 7.7 -0.247 0.110 1.674411E-02 1.12E-07 13.4 -0.081 0.191
0.3852019 1.66E-06 8.6 0.036 1.674434E-02 1.18E-07 14.1 0.113
0.3851898 1.19E-06 6.2 -0.291 0.101 1.674401E-02 1.22E-07 14.6 -0.185 0.199
0.3852001 1.42E-06 7.4 -0.047 1.674430E-02 1.09E-07 13.0 -0.024
0.3852048 1.41E-06 7.3 1.674416E-02 1.23E-07 14.7
0.3851945 1.45E-06 7.5 -0.212 0.103 1.674382E-02 1.26E-07 15.1 -0.188 0.210
0.3852005 1.32E-06 6.9 -0.112 1.674411E-02 1.22E-07 14.6 -0.030
0.3851918 1.44E-06 7.5 -0.206 0.100 1.674431E-02 1.23E-07 14.7 0.057 0.203
0.3851990 1.24E-06 6.4 -0.039 1.674432E-02 1.13E-07 13.5 0.125
0.3851924 1.50E-06 7.8 -0.196 0.103 1.674396E-02 1.13E-07 13.5 -0.188 0.193
0.3852009 1.34E-06 7.0 0.049 1.674423E-02 1.18E-07 14.1 -0.054
0.3851918 1.77E-06 9.2 -0.226 0.116 1.674381E-02 1.16E-07 13.9 -0.239 0.201
0.3852001 1.36E-06 7.1 -0.021 1.674419E-02 1.26E-07 15.0 -0.024
0.3852111 1.42E-06 7.4 1.674444E-02 1.08E-07 12.9
0.3852059 1.34E-06 7.0 -0.031 0.098 1.674417E-02 1.19E-07 14.2 -0.105 0.194
0.3852031 1.25E-06 6.5 -0.208 1.674425E-02 1.14E-07 13.6 -0.113
0.3852039 1.60E-06 8.3 -0.066 0.110 1.674409E-02 1.13E-07 13.5 0.006 0.193
0.3852098 1.50E-06 7.8 0.174 1.674391E-02 1.16E-07 13.9 -0.203
0.3852121 1.71E-06 8.9 0.052 0.117 1.674457E-02 1.10E-07 13.1 0.278 0.188
0.3852104 1.45E-06 7.5 0.016 1.674430E-02 1.09E-07 13.0 0.233
0.3852130 2.02E-06 10.5 0.071 0.131 1.674460E-02 1.06E-07 12.7 0.110 0.188





April 27  08
Ni std SRM 986 4 (7409)
Sikhote Alin 1 (7410)
Ni std SRM 986 2 (7411)
Sikhote Alin 2 (7412)
Ni std SRM 986 3 (7413)
Ni std SRM 986 6 (7414)
Sikhote Alin 3 (7415)
Ni std SRM 986 7 (7416)
Sikhote Alin 4 (7417)
Ni std SRM 986 8 (7418)
Sikhote Alin 5 (7419)
Ni std SRM 986 9 (7420)
Sikhote Alin 6 (7421)
Ni std SRM 986 10 (7422)
Ni std SRM 986 6 (7424)
Sikhote Alin 3 (7425)
Ni std SRM 986 7 (7426)
Sikhote Alin 4 (7427)
Ni std SRM 986 8 (7428)
Sikhote Alin 5 (7429)
Ni std SRM 986 9 (7430)
Sikhote Alin 6 (7431)
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± se ± 2 se ± 2 se
± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with 
NIST SRM 986) 






5.338753E-02 3.63E-07 13.6 1.674387E-02 1.25E-07 14.9
5.338994E-02 4.05E-07 15.2 0.487 0.216 1.674456E-02 1.33E-07 15.9 0.355
0.219
5.338715E-02 4.53E-07 17.0 -0.071 1.674406E-02 1.28E-07 15.3
0.113
5.339043E-02 3.24E-07 12.1 0.568 0.199 1.674451E-02 1.23E-07 14.7 0.257
0.209
5.338765E-02 3.88E-07 14.5 0.094 1.674410E-02 1.20E-07 14.3
0.024
5.338634E-02 3.85E-07 14.4 1.674378E-02 1.26E-07 15.1
5.338915E-02 3.96E-07 14.8 0.415 0.204 1.674409E-02 1.22E-07 14.6 0.113
0.211
5.338753E-02 3.59E-07 13.4 0.223 1.674402E-02 1.29E-07 15.4
0.143
5.338990E-02 3.94E-07 14.8 0.406 0.197 1.674468E-02 1.25E-07 14.9 0.308
0.210
5.338794E-02 3.38E-07 12.7 0.077 1.674431E-02 1.17E-07 14.0
0.173
5.338974E-02 4.10E-07 15.4 0.387 0.202 1.674432E-02 1.35E-07 16.1 0.060
0.215
5.338741E-02 3.66E-07 13.7 -0.099 1.674413E-02 1.21E-07 14.5
-0.108
5.338990E-02 4.82E-07 18.1 0.445 0.227 1.674416E-02 1.36E-07 16.2 0.024
0.215
5.338764E-02 3.71E-07 13.9 0.043 1.674411E-02 1.16E-07 13.9
-0.012
5.338463E-02 3.88E-07 14.5 1.674361E-02 1.08E-07 12.9
5.338604E-02 3.66E-07 13.7 0.060 0.194 1.674358E-02 1.22E-07 14.6 -0.140
0.195
5.338681E-02 3.42E-07 12.8 0.408 1.674402E-02 1.08E-07 12.9
0.245
5.338659E-02 4.37E-07 16.4 0.128 0.216 1.674364E-02 1.30E-07 15.5 0.039
0.207
5.338500E-02 4.09E-07 15.3 -0.339 1.674313E-02 1.21E-07 14.5
-0.532
5.338436E-02 4.67E-07 17.5 -0.104 0.231 1.674375E-02 1.23E-07 14.7 0.242
0.207
5.338483E-02 3.97E-07 14.9 -0.032 1.674356E-02 1.22E-07 14.6
0.257
5.338412E-02 5.51E-07 20.6 -0.140 0.258 1.674366E-02 1.46E-07 17.4 -0.033
0.231






April 27  08
Ni std SRM 986 4 (7409)
Sikhote Alin 1 (7410)
Ni std SRM 986 2 (7411)
Sikhote Alin 2 (7412)
Ni std SRM 986 3 (7413)
Ni std SRM 986 6 (7414)
Sikhote Alin 3 (7415)
Ni std SRM 986 7 (7416)
Sikhote Alin 4 (7417)
Ni std SRM 986 8 (7418)
Sikhote Alin 5 (7419)
Ni std SRM 986 9 (7420)
Sikhote Alin 6 (7421)
Ni std SRM 986 10 (7422)
Ni std SRM 986 6 (7424)
Sikhote Aline  (7425)
Ni std SRM 986 7 (7426)
Sikhote Alin (7427)
Ni std SRM 986 8 (7428)
Sikhote Aline (7429)
Ni std SRM 986 9 (7430)
Sikhote Alin (7431)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with 
NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.832216E-02 1.84E-07 0.4092259 2.77E-06
1.832841E-02 2.68E-07 0.199 0.4093050 4.00E-06 0.098
1.832736E-02 2.66E-07 0.4093035 3.98E-06
1.833336E-02 2.13E-07 0.064 0.4093813 3.17E-06 0.021
1.833701E-02 2.40E-07 0.4094421 3.89E-06
1.834815E-02 2.52E-07 0.4096124 3.80E-06
1.835046E-02 2.31E-08 0.013 0.4096466 3.35E-06 0.011
1.835231E-02 2.16E-07 0.4096719 3.12E-06
1.835273E-02 2.12E-07 -0.211 0.4096685 2.95E-06 -0.158
1.836090E-02 2.48E-07 0.4097949 3.86E-06
1.835823E-02 2.28E-07 -0.341 0.4097600 3.64E-06 -0.223
1.836810E-02 5.17E-07 0.4099078 7.60E-06
1.836705E-02 2.92E-07 -0.175 0.4098911 4.91E-06 -0.124
1.837242E-02 4.04E-07 0.4099759 6.27E-06
1.834077E-02 3.18E-07 0.4095078 4.73E-06
1.835101E-02 2.87E-08 0.067 0.4096587 3.99E-06 0.045
1.835879E-02 2.17E-07 0.4097724 3.31E-06
1.836417E-02 2.81E-07 -0.008 0.4098548 4.10E-06 -0.018
1.836984E-02 2.50E-07 0.4099518 3.57E-06
1.835773E-02 5.49E-07 -0.553 0.4097565 8.02E-06 -0.396
1.836592E-02 1.77E-07 0.4098862 2.91E-06
1.836280E-02 2.94E-07 -0.372 0.4098351 5.01E-06 -0.254





April 27  08
Ni std SRM 986 4 (7409)
Sikhote Alin 1 (7410)
Ni std SRM 986 2 (7411)
Sikhote Alin 2 (7412)
Ni std SRM 986 3 (7413)
Ni std SRM 986 6 (7414)
Sikhote Alin 3 (7415)
Ni std SRM 986 7 (7416)
Sikhote Alin 4 (7417)
Ni std SRM 986 8 (7418)
Sikhote Alin 5 (7419)
Ni std SRM 986 9 (7420)
Sikhote Alin 6 (7421)
Ni std SRM 986 10 (7422)
Ni std SRM 986 6 (7424)
Sikhote Alin  (7425)
Ni std SRM 986 7 (7426)
Sikhote Alin (7427)
Ni std SRM 986 8 (7428)
Sikhote Alin (7429)
Ni std SRM 986 9 (7430)
Sikhote Alin (7431)
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Table A3.1 (b) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Anion spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 1 (7189) 0.3852298 1.78E-06 9.2 5.338731E-02 4.50E-07 16.9
Sikhote Alin 1 (7190) 0.3852184 1.61E-06 8.4 -0.178 0.123 5.338656E-02 3.97E-07 14.9 0.093 0.226
Ni std SRM 986 2 (7191) 0.3852207 1.70E-06 8.8 -0.236 5.338482E-02 4.58E-07 17.2 -0.466
Sikhote Alin 2 (7192) 0.3852182 1.75E-06 9.1 -0.154 0.130 5.338585E-02 4.48E-07 16.8 0.041 0.243
Ni std SRM 986 3 (7193) 0.3852276 1.87E-06 9.7 0.179 5.338644E-02 4.79E-07 17.9 0.303
Sikhote Alin  3 (7194) 0.3852180 1.69E-06 8.8 -0.178 0.130 5.338503E-02 4.24E-07 15.9 -0.171 0.242
Ni std SRM 986 4 (7195) 0.3852221 1.80E-06 9.3 -0.143 5.338545E-02 4.94E-07 18.5 -0.185
Sikhote Alin 4 (7196) 0.3852147 1.77E-06 9.2 -0.183 0.131 5.338391E-02 4.49E-07 16.8 -0.284 0.244
Ni std SRM 986 5 (7197) 0.3852214 1.80E-06 9.3 -0.018 5.338540E-02 4.49E-07 16.8 -0.009
Ni std SRM 986 6 (7198) 0.3852309 1.70E-06 8.8 5.338597E-02 4.18E-07 15.7
Sikhote Alin 5 (7199) 0.3852250 1.96E-06 10.2 -0.080 0.135 5.338441E-02 4.85E-07 18.2 -0.113 0.243
Ni std SRM 986 7 (7200) 0.3852253 1.74E-06 9.0 -0.145 5.338406E-02 4.41E-07 16.5 -0.358
Sikhote Alin 6 (7201) 0.3852232 1.77E-06 9.2 -0.135 0.128 5.338443E-02 4.48E-07 16.8 0.033 0.237
Ni std SRM 986 8 (7202) 0.3852315 1.70E-06 8.8 0.161 5.338445E-02 4.54E-07 17.0 0.073
Sikhote Alin 7 (7203) 0.3852232 1.99E-06 10.3 -0.178 0.138 5.338484E-02 4.74E-07 17.8 0.055 0.243
Ni std SRM 986 9 (7204) 0.3852286 1.82E-06 9.4 -0.075 5.338464E-02 4.35E-07 16.3 0.036
Sikhote Alin 8 (7205) 0.3852246 2.01E-06 10.4 -0.148 0.143 5.338401E-02 4.68E-07 17.5 -0.180 0.247
Ni std SRM 986 10 (7206) 0.3852320 1.92E-06 10.0 0.088 5.338530E-02 4.89E-07 18.3 0.124
Ni std SRM 986 6 (7207) 0.3852270 2.03E-06 10.5 5.338353E-02 5.31E-07 19.9
Sikhote Alin 5 (7208) 0.3852260 1.93E-06 10.0 -0.043 0.141 5.338381E-02 4.86E-07 18.2 0.000 0.263
Ni std SRM 986 7 (7209) 0.3852283 1.76E-06 9.1 0.034 5.338409E-02 4.83E-07 18.1 0.105
Sikhote Alin 6 (7210) 0.3852226 1.81E-06 9.4 -0.157 0.138 5.338277E-02 4.66E-07 17.5 -0.266 0.255
Ni std SRM 986 8 (7211) 0.3852290 2.11E-06 11.0 0.018 5.338429E-02 5.10E-07 19.1 0.037
mean (ANION) -0.143 -0.079
2 sd 0.093 0.281
2 se 0.030 0.089
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST 
SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3852332 1.46E-06 7.6 1.674450E-02 1.07E-07 12.8
0.3852266 1.24E-06 6.4 -0.179 0.099 1.674468E-02 9.41E-08 11.2 -0.069 0.171
0.3852338 1.43E-06 7.4 0.016 1.674509E-02 1.09E-07 13.0 0.352
0.3852265 1.22E-06 6.3 -0.199 0.098 1.674485E-02 1.06E-07 12.7 -0.030 0.184
0.3852345 1.43E-06 7.4 0.018 1.674471E-02 1.14E-07 13.6 -0.227
0.3852282 1.22E-06 6.3 -0.141 0.096 1.674504E-02 1.01E-07 12.1 0.128 0.183
0.3852328 1.37E-06 7.1 -0.044 1.674494E-02 1.17E-07 14.0 0.137
0.3852306 1.24E-06 6.4 -0.065 0.097 1.674531E-02 1.07E-07 12.8 0.218 0.185
0.3852334 1.42E-06 7.4 0.016 1.674495E-02 1.07E-07 12.8 0.006
0.3852402 1.38E-06 7.2 1.674482E-02 9.92E-08 11.8
0.3852382 1.55E-06 8.0 -0.047 0.106 1.674519E-02 1.15E-07 13.7 0.087 0.184
0.3852398 1.30E-06 6.7 -0.010 1.674527E-02 1.05E-07 12.5 0.269
0.3852367 1.49E-06 7.7 -0.128 0.103 1.674518E-02 1.06E-07 12.7 -0.027 0.179
0.3852435 1.34E-06 7.0 0.096 1.674518E-02 1.08E-07 12.9 -0.054
0.3852380 1.78E-06 9.2 -0.135 0.115 1.674509E-02 1.12E-07 13.4 -0.039 0.184
0.3852429 1.29E-06 6.7 -0.016 1.674513E-02 1.03E-07 12.3 -0.030
0.3852377 1.78E-06 9.2 -0.161 0.118 1.674528E-02 1.11E-07 13.3 0.134 0.186
0.3852449 1.53E-06 7.9 0.052 1.674498E-02 1.16E-07 13.9 -0.090
0.3852435 1.47E-06 7.6 1.674540E-02 1.26E-07 15.0
0.3852426 1.55E-06 8.0 -0.057 0.110 1.674533E-02 1.15E-07 13.7 0.000 0.199
0.3852461 1.42E-06 7.4 0.067 1.674526E-02 1.15E-07 13.7 -0.084
0.3852425 1.51E-06 7.8 -0.064 0.107 1.674558E-02 1.11E-07 13.3 0.203 0.194






Ni std SRM 986 1 (7189)
Sikhote Alin 1 (7190)
Ni std SRM 986 2 (7191)
Sikhote Alin 2 (7192)
Ni std SRM 986 3 (7193)
Sikhote Alin  3 (7194)
Ni std SRM 986 4 (7195)
Sikhote Alin 4 (7196)
Ni std SRM 986 5 (7197)
Ni std SRM 986 6 (7198)
Sikhote Alin 5 (7199)
Ni std SRM 986 7 (7200)
Sikhote Alin 6 (7201)
Ni std SRM 986 8 (7202)
Sikhote Alin 7 (7203)
Ni std SRM 986 9 (7204)
Sikhote Alin 8 (7205)
Ni std SRM 986 10 (7206)
Ni std SRM 986 6 (7207)
Sikhote Alin 5 (7208)
Ni std SRM 986 7 (7209)
Sikhote Alin 6 (7210)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 






5.337860E-02 3.98E-07 14.9 1.674225E-02 1.15E-07 13.7
5.338040E-02 3.38E-07 12.7 0.353 0.195 1.674299E-02 1.04E-07 12.4 0.263 0.183
5.337843E-02 3.90E-07 14.6 -0.032 1.674285E-02 1.10E-07 13.1 0.358
5.338042E-02 3.32E-07 12.4 0.391 0.192 1.674301E-02 1.13E-07 13.5 0.230 0.193
5.337824E-02 3.90E-07 14.6 -0.036 1.674240E-02 1.21E-07 14.5 -0.269
5.337998E-02 3.32E-07 12.4 0.281 0.190 1.674302E-02 1.09E-07 13.0 0.266 0.192
5.337872E-02 3.74E-07 14.0 0.090 1.674275E-02 1.16E-07 13.9 0.209
5.337931E-02 3.38E-07 12.7 0.126 0.191 1.674323E-02 1.14E-07 13.6 0.272 0.194
5.337856E-02 3.87E-07 14.5 -0.030 1.674280E-02 1.16E-07 13.9 0.030
5.337669E-02 3.77E-07 14.1 1.674218E-02 1.10E-07 13.1
5.337723E-02 4.22E-07 15.8 0.091 0.209 1.674257E-02 1.27E-07 15.2 0.125 0.201
5.337680E-02 3.54E-07 13.3 0.021 1.674254E-02 1.12E-07 13.4 0.215
5.337766E-02 4.05E-07 15.2 0.255 0.203 1.674268E-02 1.15E-07 13.7 0.200 0.191
5.337580E-02 3.67E-07 13.8 -0.187 1.674215E-02 1.10E-07 13.1 -0.233
5.337729E-02 4.86E-07 18.2 0.263 0.227 1.674268E-02 1.29E-07 15.4 0.263 0.206
5.337597E-02 3.52E-07 13.2 0.032 1.674233E-02 1.18E-07 14.1 0.108
5.337737E-02 4.86E-07 18.2 0.314 0.233 1.674259E-02 1.30E-07 15.5 0.221 0.212
5.337542E-02 4.18E-07 15.7 -0.103 1.674211E-02 1.24E-07 14.8 -0.131
5.337579E-02 4.01E-07 15.0 1.674244E-02 1.31E-07 15.6
5.337604E-02 4.22E-07 15.8 0.112 0.216 1.674250E-02 1.25E-07 14.9 0.063 0.209
5.337509E-02 3.87E-07 14.5 -0.131 1.674235E-02 1.14E-07 13.6 -0.054
5.337607E-02 4.12E-07 15.4 0.125 0.211 1.674272E-02 1.17E-07 14.0 0.236 0.205






Ni std SRM 986 1 (7189)
Sikhote Alin 1 (7190)
Ni std SRM 986 2 (7191)
Sikhote Alin 2 (7192)
Ni std SRM 986 3 (7193)
Sikhote Alin  3 (7194)
Ni std SRM 986 4 (7195)
Sikhote Alin 4 (7196)
Ni std SRM 986 5 (7197)
Ni std SRM 986 6 (7198)
Sikhote Alin 5 (7199)
Ni std SRM 986 7 (7200)
Sikhote Alin 6 (7201)
Ni std SRM 986 8 (7202)
Sikhote Alin 7 (7203)
Ni std SRM 986 9 (7204)
Sikhote Alin 8 (7205)
Ni std SRM 986 10 (7206)
Ni std SRM 986 6 (7207)
Sikhote Alin 5 (7208)
Ni std SRM 986 7 (7209)
Sikhote Alin 6 (7210)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Sikhote Alin (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST 
SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
1.826964E-02 3.93E-07 0.4084632 6.22E-06
1.827855E-02 2.24E-07 0.388 0.4085874 3.26E-06 0.249
1.827327E-02 2.21E-07 0.4085079 3.44E-06
1.828432E-02 2.86E-07 0.511 0.4086703 4.12E-06 0.324
1.827669E-02 4.21E-07 0.4085679 6.32E-06
1.828904E-02 2.74E-07 0.584 0.4087382 4.35E-06 0.363
1.828003E-02 3.02E-07 0.4086116 4.47E-06
1.829135E-02 3.85E-07 0.716 0.4087719 5.87E-06 0.463
1.827650E-02 2.84E-07 0.4085537 4.41E-06
1.828863E-02 3.74E-07 0.4087491 5.78E-06
1.830641E-02 3.65E-08 0.832 0.4090072 5.26E-06 0.549
1.829377E-02 2.21E-07 0.4088164 3.35E-06
1.831379E-02 2.70E-07 0.959 0.4091174 4.22E-06 0.634
1.829871E-02 3.17E-07 0.4088996 4.82E-06
1.832412E-02 3.38E-07 1.295 0.4092764 5.36E-06 0.862
1.830215E-02 3.10E-07 0.4089481 4.56E-06
1.833334E-02 4.26E-07 1.429 0.4094079 6.48E-06 0.933
1.831219E-02 4.06E-07 0.4091043 6.42E-06
1.829694E-02 3.47E-07 0.4088690 5.32E-06
1.831422E-02 3.21E-07 0.959 0.4091308 5.34E-06 0.648
1.829639E-02 2.93E-07 0.4088626 4.36E-06
1.831387E-02 2.93E-07 0.759 0.4091219 4.86E-06 0.505






Ni std SRM 986 1 (7189)
Sikhote Alin 1 (7190)
Ni std SRM 986 2 (7191)
Sikhote Alin 2 (7192)
Ni std SRM 986 3 (7193)
Sikhote Alin  3 (7194)
Ni std SRM 986 4 (7195)
Sikhote Alin 4 (7196)
Ni std SRM 986 5 (7197)
Ni std SRM 986 6 (7198)
Sikhote Alin 5 (7199)
Ni std SRM 986 7 (7200)
Sikhote Alin 6 (7201)
Ni std SRM 986 8 (7202)
Sikhote Alin 7 (7203)
Ni std SRM 986 9 (7204)
Sikhote Alin 8 (7205)
Ni std SRM 986 10 (7206)
Ni std SRM 986 6 (7207)
Sikhote Alin 5 (7208)
Ni std SRM 986 7 (7209)
Sikhote Alin 6 (7210)
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Table A3.1 (a)  MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3851836 1.90E-06 9.9   0.05338993 4.51E-07 16.9   
Sikhote Alin 1 0.3851821 1.50E-06 7.8 -0.022 0.127 0.05338913 3.80E-07 14.2 -0.070 0.223
Ni std SRM 986 0.3851823 1.96E-06 10.2   0.05338908 4.63E-07 17.3   
Sikhote Alin 2 0.3851860 1.56E-06 8.1 0.082 0.126 0.05338961 3.85E-07 14.4 0.151 0.221
Ni std SRM 986 0.3851834 1.75E-06 9.1   0.05338853 4.34E-07 16.3   
Ni std SRM 986 0.3851885 1.85E-06 9.6   0.05339030 4.15E-07 15.5   
Sikhote Alin 3 0.3851865 1.79E-06 9.3 0.001 0.131 0.05338899 4.44E-07 16.6 -0.080 0.232
Ni std SRM 986 0.3851844 1.73E-06 9.0   0.05338853 4.45E-07 16.7   
Sikhote Alin 4 0.3851839 1.98E-06 10.3 0.025 0.140 0.05338751 4.61E-07 17.3 -0.148 0.245
Ni std SRM 986 0.3851815 1.94E-06 10.1   0.05338807 4.81E-07 18.0   
Sikhote Alin 5 0.3851837 1.82E-06 9.5 -0.052 0.134 0.05338806 4.69E-07 17.6 -0.136 0.244
Ni std SRM 986 0.3851899 1.74E-06 9.0   0.05338950 4.22E-07 15.8   
Sikhote Alin 6 0.3851813 1.87E-06 9.7 -0.121 0.135 0.05338722 4.35E-07 16.3 -0.210 0.231
Ni std SRM 986 0.3851820 1.89E-06 9.8   0.05338718 4.50E-07 16.9   
Ni std SRM 986 0.3851816 1.97E-06 10.2   0.05338926 4.26E-07 16.0   
Sikhote Alin 0.3851822 1.87E-06 9.7 -0.056 0.147 0.05338922 4.40E-07 16.5 0.143 0.236
Ni std SRM 986 0.3851871 2.25E-06 11.7   0.05338765 4.72E-07 17.7   
Sikhote Alin 0.3851804 1.79E-06 9.3 -0.148 0.143 0.05338731 4.32E-07 16.2 -0.153 0.234
Ni std SRM 986 0.3851851 1.91E-06 9.9   0.05338860 4.27E-07 16.0   
Sikhote Alin 0.3851851 1.67E-06 8.7 0.029 0.131 0.05338805 4.63E-07 17.3 0.081 0.237
Ni std SRM 986 0.3851829 1.87E-06 9.7   0.05338663 4.36E-07 16.3   
Sikhote Alin 0.3851828 1.90E-06 9.9 -0.118 0.137 0.05338713 4.69E-07 17.6 -0.052 0.235
Ni std SRM 986 0.3851918 1.78E-06 9.2   0.05338819 3.94E-07 14.8   
mean (TEVA) -0.038 -0.047
2 sd 0.150 0.258
2 se 0.047 0.081
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with 
NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.38517710 1.62E-06 8.4   1.674388E-02 1.07E-07 12.8   
0.38517760 1.39E-06 7.2 -0.022 0.107 1.674407E-02 9.02E-08 10.8 0.054 0.169
0.38517980 1.43E-06 7.4   1.674408E-02 1.10E-07 13.1   
0.38518020 1.44E-06 7.5 -0.039 0.102 1.674395E-02 9.14E-08 10.9 -0.116 0.168
0.38518360 1.25E-06 6.5   1.674421E-02 1.03E-07 12.3   
0.38518070 1.24E-06 6.4   1.674379E-02 9.85E-08 11.8   
0.38518170 1.37E-06 7.1 0.016 0.098 1.674410E-02 1.05E-07 12.5 0.060 0.175
0.38518150 1.35E-06 7.0   1.674421E-02 1.06E-07 12.7   
0.38518390 1.54E-06 8.0 0.052 0.108 1.674445E-02 1.09E-07 13.0 0.110 0.185
0.38518230 1.44E-06 7.5   1.674432E-02 1.14E-07 13.6   
0.38518410 1.58E-06 8.2 0.009 0.110 1.674432E-02 1.11E-07 13.3 0.102 0.184
0.38518520 1.38E-06 7.2   1.674398E-02 1.00E-07 11.9   
0.38518550 1.80E-06 9.3 0.000 0.117 1.674452E-02 1.03E-07 12.3 0.158 0.174
0.38518580 1.35E-06 7.0   1.674453E-02 1.07E-07 12.8   
0.38517610 1.73E-06 9.0   1.674404E-02 1.01E-07 12.1   
0.38518000 1.57E-06 8.2 -0.056 0.129 1.674405E-02 1.04E-07 12.4 -0.107 0.178
0.38518820 2.10E-06 10.9   1.674442E-02 1.12E-07 13.4   
0.38518550 1.39E-06 7.2 -0.027 0.123 1.674450E-02 1.02E-07 12.2 0.116 0.176
0.38518490 1.73E-06 9.0   1.674419E-02 1.01E-07 12.1   
0.38518540 1.20E-06 6.2 -0.026 0.107 1.674433E-02 1.10E-07 13.1 -0.057 0.179
0.38518790 1.60E-06 8.3   1.674466E-02 1.03E-07 12.3   
0.38518540 1.29E-06 6.7 -0.097 0.104 1.674454E-02 1.11E-07 13.3 0.039 0.177





Ni std SRM 986
Sikhote Alin 1
Ni std SRM 986
Sikhote Alin 2
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 3
Ni std SRM 986
Sikhote Alin 4
Ni std SRM 986
Sikhote Alin 5
Ni std SRM 986
Sikhote Alin 6
Ni std SRM 986
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Sikhote Alin Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 






5.339392E-02 4.43E-07 16.6   1.674524E-02 1.23E-07 14.7   
5.339377E-02 3.79E-07 14.2 0.043 0.211 1.674534E-02 9.69E-08 11.6 0.033 0.189
5.339316E-02 3.91E-07 14.6   1.674533E-02 1.27E-07 15.2   
5.339308E-02 3.93E-07 14.7 0.080 0.201 1.674509E-02 1.01E-07 12.1 -0.122 0.188
5.339215E-02 3.42E-07 12.8   1.674526E-02 1.13E-07 13.5   
5.339292E-02 3.38E-07 12.7   1.674493E-02 1.20E-07 14.3   
5.339267E-02 3.75E-07 14.0 -0.026 0.193 1.674506E-02 1.16E-07 13.9 0.000 0.196
5.339270E-02 3.69E-07 13.8   1.674519E-02 1.12E-07 13.4   
5.339206E-02 4.21E-07 15.8 -0.101 0.213 1.674523E-02 1.28E-07 15.3 -0.033 0.208
5.339250E-02 3.93E-07 14.7   1.674538E-02 1.25E-07 14.9   
5.339199E-02 4.32E-07 16.2 -0.022 0.217 1.674524E-02 1.18E-07 14.1 0.078 0.200
5.339171E-02 3.76E-07 14.1   1.674484E-02 1.13E-07 13.5   
5.339161E-02 4.90E-07 18.4 -0.002 0.231 1.674539E-02 1.21E-07 14.5 0.176 0.202
5.339153E-02 3.69E-07 13.8   1.674535E-02 1.22E-07 14.6   
5.339417E-02 4.72E-07 17.7   1.674538E-02 1.27E-07 15.2   
5.339312E-02 4.29E-07 16.1 0.112 0.254 1.674534E-02 1.21E-07 14.5 0.084 0.218
5.339087E-02 5.72E-07 21.4   1.674502E-02 1.45E-07 17.3   
5.339162E-02 3.79E-07 14.2 0.056 0.242 1.674545E-02 1.16E-07 13.9 0.218 0.212
5.339177E-02 4.72E-07 17.7   1.674515E-02 1.23E-07 14.7   
5.339165E-02 3.28E-07 12.3 0.053 0.210 1.674515E-02 1.08E-07 12.9 -0.042 0.195
5.339096E-02 4.36E-07 16.3   1.674529E-02 1.21E-07 14.5   
5.339165E-02 3.51E-07 13.1 0.193 0.204 1.674530E-02 1.23E-07 14.7 0.179 0.204





Ni std SRM 986
Sikhote Alin 1
Ni std SRM 986
Sikhote Alin 2
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 3
Ni std SRM 986
Sikhote Alin 4
Ni std SRM 986
Sikhote Alin 5
Ni std SRM 986
Sikhote Alin 6
Ni std SRM 986
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Sikhote Alin Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.821392E-02 2.67E-07  0.40757840 4.22E-06  
1.823721E-02 3.20E-07 1.174 0.40792330 5.23E-06 0.782
1.821772E-02 2.56E-07  0.40763040 4.11E-06  
1.823697E-02 1.73E-07 1.007 0.40792250 3.12E-06 0.678
1.821953E-02 1.97E-07  0.40766220 3.07E-06  
1.823128E-02 4.14E-07  0.40783810 5.91E-06  
1.824151E-02 5.13E-07 0.831 0.40799140 7.83E-06 0.558
1.822146E-02 1.93E-07  0.40768990 3.08E-06  
1.823860E-02 3.03E-07 0.918 0.40794360 4.83E-06 0.614
1.822227E-02 2.26E-07  0.40769680 3.69E-06  
1.824544E-02 4.14E-07 1.124 0.40804980 5.84E-06 0.748
1.822765E-02 3.28E-07  0.40779270 5.44E-06  
1.824371E-02 4.03E-07 0.739 0.40802230 6.40E-06 0.484
1.823283E-02 2.66E-07  0.40785710 4.15E-06  
1.821315E-02 3.35E-07  0.40756190 5.62E-06  
1.823169E-02 4.00E-07 1.292 0.40784450 5.98E-06 0.870
1.820319E-02 2.32E-07  0.40741820 4.30E-06  
1.822096E-02 3.96E-07 0.951 0.40767620 6.45E-06 0.613
1.820412E-02 2.30E-07  0.40743460 4.04E-06  
1.822730E-02 2.05E-07 1.241 0.40778220 2.91E-06 0.841
1.820528E-02 1.94E-07  0.40744470 3.47E-06  
1.823023E-02 4.48E-07 1.023 0.40781870 6.54E-06 0.674





Ni std SRM 986
Sikhote  Alin 1
Ni std SRM 986
Sikhote Alin 2
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 3
Ni std SRM 986
Sikhote Alin 4
Ni std SRM 986
Sikhote Alin 5
Ni std SRM 986
Sikhote Alin 6
Ni std SRM 986
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
Ni std SRM 986
Sikhote Alin
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Table A3.1 (b) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Anion spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






NI std SRM 986 0.3851841 1.97E-06 10.2   0.05339077 4.95E-07 18.5   
Sikhote Alin 1 0.3851900 1.98E-06 10.3 -0.044 0.149 0.05339126 4.45E-07 16.7 -0.240 0.245
NI std SRM 986 0.3851993 2.19E-06 11.4   0.05339431 4.62E-07 17.3   
Sikhote Alin 2 0.3851882 1.72E-06 8.9 -0.201 0.137 0.05339042 4.59E-07 17.2 -0.412 0.247
NI std SRM 986 0.3851926 1.81E-06 9.4   0.05339093 4.81E-07 18.0   
Sikhote Alin 3 0.3851858 1.73E-06 9.0 -0.140 0.131 0.05338890 4.29E-07 16.1 -0.259 0.242
NI std SRM 986 0.3851898 1.86E-06 9.7   0.05338964 4.87E-07 18.2   
Sikhote Alin 4 0.3851874 1.74E-06 9.0 -0.074 0.134 0.05338934 4.11E-07 15.4 -0.222 0.238
NI std SRM 986 0.3851907 1.94E-06 10.1   0.05339141 4.80E-07 18.0   
Ni std SRM 986 0.3851880 1.70E-06 8.8   0.05338954 4.62E-07 17.3   
Sikhote Alin 5 0.3851845 1.79E-06 9.3 -0.093 0.135 0.05339017 4.30E-07 16.1 0.058 0.239
Ni std SRM 986 0.3851882 2.04E-06 10.6   0.05339018 4.77E-07 17.9   
Sikhote Alin 6 0.3851857 1.53E-06 7.9 -0.061 0.128 0.05338946 4.19E-07 15.7 -0.131 0.232
Ni std SRM 986 0.3851879 1.82E-06 9.4   0.05339014 4.33E-07 16.2   
Sikhote Alin 7 0.3851857 1.96E-06 10.2 -0.014 0.141 0.05339071 4.41E-07 16.5 0.184 0.234
Ni std SRM 986 0.3851846 1.93E-06 10.0   0.05338931 4.50E-07 16.9   
Sikhote Alin 8 0.3851829 1.70E-06 8.8 -0.055 0.130 0.05338969 4.64E-07 17.4 -0.008 0.248
Ni std SRM 986 0.3851854 1.75E-06 9.1   0.05339016 4.95E-07 18.5   
Ni std SRM 986 0.3851829 1.92E-06 10.0   0.05339067 4.33E-07 16.2   
Sikhote Alin 9 0.3851820 2.20E-06 11.4 -0.017 0.154 0.05339027 4.55E-07 17.0 0.013 0.240
Ni std SRM 986 0.3851824 2.06E-06 10.7   0.05338973 4.69E-07 17.6   
Sikhote Alin 10 0.3851812 2.23E-06 11.6 -0.026 0.152 0.05339027 4.49E-07 16.8 0.069 0.242
Ni std SRM 986 0.3851820 1.73E-06 9.0   0.05339007 4.62E-07 17.3   
mean (ANION) -0.073 -0.095
2 sd 0.118 0.373
2 se 0.037 0.118
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST 
SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.38517450 1.50E-06 7.8   1.674368E-02 1.17E-07 14.0   
0.38517960 1.56E-06 8.1 0.106 0.116 1.674356E-02 1.06E-07 12.7 0.179 0.186
0.38517650 1.67E-06 8.7   1.674284E-02 1.10E-07 13.1   
0.38518180 1.29E-06 6.7 0.065 0.108 1.674376E-02 1.09E-07 13.0 0.311 0.187
0.38518210 1.59E-06 8.3   1.674364E-02 1.14E-07 13.6   
0.38518380 1.44E-06 7.5 0.043 0.111 1.674412E-02 1.02E-07 12.2 0.194 0.183
0.38518220 1.59E-06 8.3   1.674395E-02 1.15E-07 13.7   
0.38518120 1.40E-06 7.3 0.006 0.113 1.674402E-02 9.75E-08 11.6 0.167 0.180
0.38517970 1.73E-06 9.0   1.674353E-02 1.14E-07 13.6   
0.38518230 1.57E-06 8.2   1.674397E-02 1.10E-07 13.1   
0.38517960 1.45E-06 7.5 -0.047 0.113 1.674382E-02 1.02E-07 12.2 -0.045 0.181
0.38518050 1.65E-06 8.6   1.674382E-02 1.13E-07 13.5   
0.38517990 1.32E-06 6.9 -0.030 0.107 1.674399E-02 9.93E-08 11.9 0.099 0.175
0.38518160 1.53E-06 7.9   1.674383E-02 1.03E-07 12.3   
0.38517720 1.51E-06 7.8 -0.101 0.112 1.674369E-02 1.05E-07 12.5 -0.143 0.177
0.38518060 1.54E-06 8.0   1.674403E-02 1.07E-07 12.8   
0.38517690 1.43E-06 7.4 -0.068 0.106 1.674394E-02 1.10E-07 13.1 0.009 0.188
0.38517840 1.39E-06 7.2   1.674382E-02 1.17E-07 14.0   
0.38517580 1.66E-06 8.6   1.674370E-02 1.03E-07 12.3   
0.38517200 2.09E-06 10.9 -0.143 0.140 1.674380E-02 1.08E-07 12.9 -0.009 0.182
0.38517920 1.75E-06 9.1   1.674393E-02 1.11E-07 13.3   
0.38517480 2.04E-06 10.6 -0.069 0.138 1.674380E-02 1.07E-07 12.8 -0.054 0.184





NI std SRM 986
Sikhote Alin 1
NI std SRM 986
Sikhote Alin 2
NI std SRM 986
Sikhote Alin 3
NI std SRM 986
Sikhote Alin 4
NI std SRM 986
Ni std SRM 986
Sikhote Alin 5
Ni std SRM 986
Sikhote Alin 6
Ni std SRM 986
Sikhote Alin 7
Ni std SRM 986
Sikhote Alin 8
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 9
Ni std SRM 986
Sikhote Alin 10
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 
986) 






NI std SRM 986
Sikhote Alin 1
NI std SRM 986
Sikhote Alin 2
NI std SRM 986
Sikhote Alin 3
NI std SRM 986
Sikhote Alin 4
NI std SRM 986
Ni std SRM 986
Sikhote Alin 5
Ni std SRM 986
Sikhote Alin 6
Ni std SRM 986
Sikhote Alin 7
Ni std SRM 986
Sikhote Alin 8
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 9
Ni std SRM 986
Sikhote Alin 10





5.339462E-02 4.09E-07 15.3   1.674521E-02 1.28E-07 15.3  
 
5.339323E-02 4.26E-07 16.0 -0.208 0.228 1.674483E-02 1.28E-07 15.3 0.066 0.222
5.339406E-02 4.56E-07 17.1   1.674423E-02 1.42E-07 17.0   
5.339262E-02 3.51E-07 13.1 -0.127 0.212 1.674495E-02 1.11E-07 13.3 0.302 0.204
5.339254E-02 4.35E-07 16.3   1.674466E-02 1.17E-07 14.0   
5.339208E-02 3.92E-07 14.7 -0.083 0.219 1.674510E-02 1.12E-07 13.4 0.206 0.195
5.339251E-02 4.33E-07 16.2   1.674485E-02 1.20E-07 14.3   
5.339278E-02 3.81E-07 14.3 -0.014 0.222 1.674500E-02 1.13E-07 13.5 0.107 0.200
5.339320E-02 4.72E-07 17.7   1.674479E-02 1.26E-07 15.0   
5.339248E-02 4.28E-07 16.0   1.674496E-02 1.10E-07 13.1   
5.339324E-02 3.96E-07 14.8 0.096 0.222 1.674517E-02 1.16E-07 13.9 0.128 0.201
5.339297E-02 4.51E-07 16.9   1.674495E-02 1.32E-07 15.8   
5.339314E-02 3.61E-07 13.5 0.059 0.212 1.674511E-02 9.89E-08 11.8 0.090 0.190
5.339268E-02 4.17E-07 15.6   1.674497E-02 1.17E-07 14.0   
5.339387E-02 4.11E-07 15.4 0.196 0.220 1.674511E-02 1.27E-07 15.2 0.027 0.209
5.339297E-02 4.20E-07 15.7   1.674516E-02 1.24E-07 14.8   
5.339396E-02 3.91E-07 14.6 0.130 0.210 1.674529E-02 1.10E-07 13.1 0.087 0.193
5.339356E-02 3.79E-07 14.2   1.674513E-02 1.13E-07 13.5   
5.339426E-02 4.53E-07 17.0   1.674529E-02 1.24E-07 14.8   
5.339529E-02 5.71E-07 21.4 0.279 0.276 1.674535E-02 1.43E-07 17.1 0.027 0.230
5.339334E-02 4.77E-07 17.9   1.674532E-02 1.33E-07 15.9   
5.339454E-02 5.57E-07 20.9 0.137 0.272 1.674540E-02 1.44E-07 17.2 0.039 0.226
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST 
SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
1.822740E-02 2.89E-07  0.40777620 4.48E-06  
1.823307E-02 3.72E-07 0.478 0.40787300 5.51E-06 0.324
1.822131E-02 2.77E-07  0.40770550 4.25E-06  
1.823016E-02 1.85E-07 0.626 0.40782410 2.69E-06 0.395
1.821621E-02 2.50E-07  0.40762030 4.04E-06  
1.822851E-02 3.41E-07 0.773 0.40779850 5.31E-06 0.512
1.821264E-02 3.56E-07  0.40755950 5.47E-06  
1.821961E-02 3.09E-07 0.588 0.40766470 4.82E-06 0.384
1.820518E-02 2.59E-07  0.40745690 4.39E-06  
1.820947E-02 2.60E-07  0.40751980 4.22E-06  
1.822397E-02 3.04E-07 0.829 0.40773140 4.35E-06 0.549
1.820827E-02 2.62E-07  0.40749570 4.21E-06  
1.822983E-02 2.73E-07 1.181 0.40782040 4.03E-06 0.796
1.820840E-02 3.64E-07  0.40749660 5.65E-06  
1.822895E-02 2.96E-07 1.090 0.40780400 4.72E-06 0.730
1.820981E-02 2.78E-07  0.40751660 4.36E-06  
1.822801E-02 2.35E-07 1.013 0.40778410 3.73E-06 0.663
1.820931E-02 1.93E-07  0.40751110 2.94E-06  
1.822756E-02 2.23E-07  0.40777660 3.78E-06  
1.824539E-02 2.57E-07 1.034 0.40804410 4.48E-06 0.688
1.822553E-02 2.79E-07  0.40775090 4.71E-06  
1.824443E-02 2.69E-07 0.779 0.40802940 4.70E-06 0.513





NI std SRM 986
Sikhote Alin 1
NI std SRM 986
Sikhote Alin 2
NI std SRM 986
Sikhote Alin 3
NI std SRM 986
Sikhote Alin 4
NI std SRM 986
Ni std SRM 986
Sikhote Alin 5
Ni std SRM 986
Sikhote Alin 6
Ni std SRM 986
Sikhote Alin 7
Ni std SRM 986
Sikhote Alin 8
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 9
Ni std SRM 986
Sikhote Alin 10









K. Andrews  2009 259
Table A3.1 (c) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





DMG / NI SPEC
Ni std SRM 986 0.3851837 2.17E-06 11.3 0.05339189 4.44E-07 16.6
Sikhote Alin 1 0.3851834 2.23E-06 11.6 -0.043 0.160 0.05339207 5.03E-07 18.8 -0.007 0.255
Ni std SRM 986 0.3851864 2.10E-06 10.9 0.070 0.05339232 4.76E-07 17.8 0.081
Sikhote Alin 2 0.3851807 2.72E-06 14.1 -0.083 0.181 0.05339118 4.85E-07 18.2 -0.115 0.251
Ni std SRM 986 0.3851814 2.24E-06 11.6 -0.130 0.05339127 4.48E-07 16.8 -0.197
Sikhote Alin 3 0.3851862 2.39E-06 12.4 0.156 0.168 0.05339269 5.22E-07 19.6 0.314 0.270
Ni std SRM 986 0.3851790 2.13E-06 11.1 -0.062 0.05339076 5.41E-07 20.3 -0.096
Sikhote Alin 4 0.3851806 2.66E-06 13.8 -0.073 0.183 0.05339118 4.99E-07 18.7 -0.093 0.272
Ni std SRM 986 0.3851878 2.46E-06 12.8   0.05339259 5.11E-07 19.1   
Ni std SRM 986 0.3851834 2.09E-06 10.9 0.05339096 4.88E-07 18.3 -0.305
Sikhote alin 5 0.3851801 2.58E-06 13.4 -0.104 0.176 0.05339087 4.82E-07 18.1 -0.066 0.256
Ni std SRM 986 0.3851848 2.28E-06 11.8 0.036 0.05339148 4.80E-07 18.0 0.097
Sikhote alin 6 0.3851847 2.66E-06 13.8 0.069 0.185 0.05339132 4.96E-07 18.6 0.056 0.259
Ni std SRM 986 0.3851793 2.48E-06 12.9   0.05339056 4.82E-07 18.1   
Ni std SRM 986 0.3851868 2.42E-06 12.6   0.05339240 4.93E-07 18.5   
Sikhote Alin 7 0.3851856 2.52E-06 13.1 -0.069 0.178 0.05339055 4.88E-07 18.3 -0.244 0.256
Ni std SRM 986 0.3851897 2.23E-06 11.6   0.05339131 4.60E-07 17.2   
Ni std SRM 986 0.3851761 1.82E-06 9.5   0.05339004 4.66E-07 17.5   
Sikhote Alin 8 0.3851794 1.82E-06 9.5 -0.009 0.130 0.05339011 4.57E-07 17.1 0.022 0.239
Ni std SRM 986 0.3851834 1.60E-06 8.3   0.05338995 4.22E-07 15.8   
Sikhote Alin 9 0.3851827 1.80E-06 9.3 0.031 0.127 0.05339150 4.39E-07 16.4 0.209 0.230
Ni std SRM 986 0.3851796 1.73E-06 9.0   0.05339082 4.35E-07 16.3   
Sikhote Alin 10 0.3851784 1.96E-06 10.2 -0.100 0.133 0.05339093 4.59E-07 17.2 -0.037 0.234
Ni std SRM 986 0.3851849 1.58E-06 8.2   0.05339144 4.14E-07 15.5   
mean (DMG) -0.022 0.004
2 sd 0.169 0.322
2 se 0.054 0.102
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST 
SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





DMG / NI SPEC
0.38517020 2.33E-06 12.1 1.674341E-02 1.05E-07 12.5
0.38516990 2.25E-06 11.7 -0.042 0.163 1.674337E-02 1.19E-07 14.2 0.006 0.193
0.38517280 2.06E-06 10.7 0.068 1.674331E-02 1.13E-07 13.5 -0.060
0.38516830 2.61E-06 13.6 -0.077 0.176 1.674358E-02 1.15E-07 13.7 0.087 0.190
0.38516970 2.27E-06 11.8 -0.080 1.674356E-02 1.06E-07 12.7 0.149
0.38517120 2.58E-06 13.4 0.010 0.185 1.674322E-02 1.24E-07 14.8 -0.239 0.204
0.38517190 2.65E-06 13.8 0.057 1.674368E-02 1.28E-07 15.3 0.072
0.38517090 2.84E-06 14.7 -0.005 0.205 1.674358E-02 1.18E-07 14.1 0.069 0.205
0.38517030 2.84E-06 14.7   1.674325E-02 1.21E-07 14.5   
0.38517420 2.18E-06 11.3   1.674363E-02 1.16E-07 13.9   
0.38517090 2.65E-06 13.8 -0.062 0.184 1.674366E-02 1.14E-07 13.6 0.054 0.193
0.38517240 2.49E-06 12.9 -0.047 1.674351E-02 1.14E-07 13.6 -0.072
0.38517260 2.93E-06 15.2 0.058 0.206 1.674355E-02 1.18E-07 14.1 -0.042 0.196
0.38516830 2.86E-06 14.9   1.674373E-02 1.14E-07 13.6   
0.38516830 2.30E-06 11.9   1.674329E-02 1.17E-07 14.0   
0.38517600 2.92E-06 15.2 0.093 0.197 1.674373E-02 1.16E-07 13.9 0.185 0.193
0.38517650 2.52E-06 13.1   1.674355E-02 1.09E-07 13.0   
0.38517030 1.47E-06 7.6   1.674385E-02 1.11E-07 13.3   
0.38517080 1.43E-06 7.4 -0.083 0.104 1.674384E-02 1.08E-07 12.9 -0.012 0.180
0.38517770 1.34E-06 7.0   1.674387E-02 1.00E-07 11.9   
0.38517000 1.52E-06 7.9 -0.127 0.103 1.674351E-02 1.04E-07 12.4 -0.155 0.174
0.38517210 1.19E-06 6.2   1.674367E-02 1.03E-07 12.3   
0.38517040 1.52E-06 7.9 -0.058 0.101 1.674364E-02 1.09E-07 13.0 0.027 0.177





Ni std SRM 986
Sikhote Alin 1
Ni std SRM 986
Sikhote Alin 2
Ni std SRM 986
Sikhote Alin 3
Ni std SRM 986
Sikhote Alin 4
Ni std SRM 986
Ni std SRM 986
Sikhote alin 5
Ni std SRM 986
Sikhote alin 6
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 7
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 8
Ni std SRM 986
Sikhote Alin 9
Ni std SRM 986
Sikhote Alin 10
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST
SRM 986) 






5.339580E-02 6.37E-07 23.9 1.674524E-02 1.40E-07 16.7
5.339587E-02 6.13E-07 23.0 0.079 0.322 1.674526E-02 1.44E-07 17.2 0.063 0.238
5.339510E-02 5.63E-07 21.1 -0.131 1.674507E-02 1.36E-07 16.2 -0.102
5.339630E-02 7.12E-07 26.7 0.148 0.347 1.674544E-02 1.76E-07 21.0 0.125 0.269
5.339592E-02 6.20E-07 23.2 0.154 1.674539E-02 1.45E-07 17.3 0.191
5.339552E-02 7.03E-07 26.3 -0.019 0.365 1.674507E-02 1.55E-07 18.5 -0.236 0.251
5.339532E-02 7.23E-07 27.1 -0.112 1.674554E-02 1.38E-07 16.5 0.090
5.339562E-02 7.76E-07 29.1 0.015 0.404 1.674544E-02 1.72E-07 20.5 0.110 0.272
5.339576E-02 7.74E-07 29.0   1.674497E-02 1.59E-07 19.0   
5.339469E-02 5.94E-07 22.2   1.674526E-02 1.35E-07 16.1   
5.339561E-02 7.23E-07 27.1 0.126 0.361 1.674547E-02 1.67E-07 19.9 0.152 0.262
5.339518E-02 6.78E-07 25.4 0.092 1.674517E-02 1.48E-07 17.7 -0.054
5.339515E-02 7.99E-07 29.9 -0.111 0.406 1.674518E-02 1.72E-07 20.5 -0.102 0.276
5.339631E-02 7.80E-07 29.2   1.674553E-02 1.60E-07 19.1   
5.339631E-02 6.29E-07 23.6   1.674504E-02 1.56E-07 18.6   
5.339420E-02 7.96E-07 29.8 -0.184 0.387 1.674509E-02 1.65E-07 19.7 0.087 0.266
5.339406E-02 6.88E-07 25.8   1.674485E-02 1.44E-07 17.2   
5.339577E-02 4.00E-07 15.0   1.674573E-02 1.18E-07 14.1   
5.339562E-02 3.91E-07 14.6 0.162 0.205 1.674552E-02 1.18E-07 14.1 0.015 0.194
5.339374E-02 3.66E-07 13.7   1.674526E-02 1.04E-07 12.4   
5.339584E-02 4.15E-07 15.5 0.251 0.202 1.674530E-02 1.16E-07 13.9 -0.048 0.189
5.339526E-02 3.24E-07 12.1   1.674550E-02 1.12E-07 13.4   
5.339574E-02 4.15E-07 15.5 0.115 0.199 1.674558E-02 1.27E-07 15.2 0.149 0.198





Ni std SRM 986
Sikhote Alin 1
Ni std SRM 986
Sikhote Alin 2
Ni std SRM 986
Sikhote Alin 3
Ni std SRM 986
Sikhote Alin 4
Ni std SRM 986
Ni std SRM 986
Sikhote alin 5
Ni std SRM 986
Sikhote alin 6
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 7
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 8
Ni std SRM 986
Sikhote Alin 9
Ni std SRM 986
Sikhote Alin 10
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Sikhote Alin (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST 
SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG / NI SPEC
1.825201E-02 2.95E-07 0.40814920 5.02E-06
1.824299E-02 3.06E-07 0.080 0.40800860 5.48E-06 0.040
1.823104E-02 4.25E-07 0.40783560 6.62E-06
1.824279E-02 3.89E-07 0.276 0.40800430 6.81E-06 0.173
1.824446E-02 3.73E-07 0.40803210 6.41E-06
1.825483E-02 3.27E-07 0.246 0.40819250 6.19E-06 0.177
1.825623E-02 4.14E-07 0.40820850 6.96E-06
1.825331E-02 5.57E-07 -0.122 0.40816360 8.56E-06 -0.084
1.825483E-02 4.29E-07  0.40818690 7.64E-06  
1.825211E-02 5.39E-07 0.40814930 8.72E-06
1.825589E-02 3.25E-07 0.025 0.40819450 6.42E-06 -0.012
1.825875E-02 3.53E-07 0.40824950 6.38E-06
1.826072E-02 3.90E-07 -0.240 0.40827590 6.76E-06 -0.166
1.827146E-02 2.73E-07  0.40843780 5.65E-06  
1.826531E-02 4.24E-07  0.40834840 7.07E-06  
1.826391E-02 4.77E-07 -0.333 0.40832810 8.42E-06 -0.225
1.827468E-02 3.15E-07  0.40849170 6.10E-06  
1.820885E-02 1.71E-07  0.40749220 2.78E-06  
1.820007E-02 1.65E-07 -0.213 0.40736140 2.75E-06 -0.149
1.819904E-02 1.87E-07  0.40735220 2.84E-06  
1.820231E-02 1.66E-07 0.009 0.40739850 2.86E-06 0.002
1.820527E-02 1.76E-07  0.40744330 2.51E-06  
1.820551E-02 2.09E-07 0.010 0.40744580 3.51E-06 0.001





Ni std SRM 986
Sikhote Alin 1
Ni std SRM 986
Sikhote Alin 2
Ni std SRM 986
Sikhote Alin 3
Ni std SRM 986
Sikhote Alin 4
Ni std SRM 986
Ni std SRM 986
Sikhote alin 5
Ni std SRM 986
Sikhote alin 6
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 7
Ni std SRM 986
Ni std SRM 986
Sikhote Alin 8
Ni std SRM 986
Sikhote Alin 9
Ni std SRM 986
Sikhote Alin 10
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Table A3.1 (a) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 4 (7000) 0.3851958 1.81E-06 9.4 5.339677E-02 4.20E-07 15.7
Henbury T 1 (7001) 0.3851976 2.44E-06 12.7 0.026 0.161 5.339814E-02 5.74E-07 21.5 0.288 0.271
Ni std SRM 986 5 (7002) 0.3851974 2.00E-06 10.4 0.042 5.339643E-02 4.60E-07 17.2 -0.064
Ni std SRM 986 6 (7003) 0.3851951 1.96E-06 10.2 5.339763E-02 4.83E-07 18.1
Henbury T 2 (7004) 0.3851869 2.07E-06 10.7 -0.230 0.154 5.339617E-02 4.73E-07 17.7 -0.358 0.253
Ni std SRM 986 7 (7005) 0.3851964 2.30E-06 11.9 0.034 5.339853E-02 4.82E-07 18.1 0.169
Henbury T 3 (7006) 0.3851860 2.03E-06 10.5 -0.304 0.158 5.339549E-02 4.61E-07 17.3 -0.482 0.250
Ni std SRM 986 8 (7007) 0.3851990 2.24E-06 11.6 0.067 5.339760E-02 4.86E-07 18.2 -0.174
Henbury T 4 (7008) 0.3851890 2.17E-06 11.3 -0.171 0.158 5.339648E-02 4.84E-07 18.1 -0.049 0.254
Ni std SRM 986 9 (7009) 0.3851922 2.03E-06 10.5 -0.177 5.339588E-02 4.67E-07 17.5 -0.322
Henbury T 5 (7010) 0.3851874 2.33E-06 12.1 -0.117 0.169 5.339642E-02 5.44E-07 20.4 0.117 0.274
Ni std SRM 986 10 (7011) 0.3851916 2.50E-06 13.0 -0.016 5.339571E-02 5.11E-07 19.1 -0.032
Ni std SRM 986 11 (7012) 0.3851972 1.84E-06 9.6 5.339636E-02 4.55E-07 17.0
Henbury T 6 (7013) 0.3851929 1.91E-06 9.9 -0.103 0.138 5.339556E-02 5.02E-07 18.8 -0.074 0.251
Ni std SRM 986 12 (7014) 0.3851965 1.87E-06 9.7 -0.018 5.339555E-02 4.36E-07 16.3 -0.152
Henbury T 7 (7015) 0.3851926 1.88E-06 9.8 -0.095 0.140 5.339448E-02 4.49E-07 16.8 -0.169 0.245
Ni std SRM 986 13 (7016) 0.3851960 1.97E-06 10.2 -0.013 5.339521E-02 5.09E-07 19.1 -0.064
Henbury T 8 (7017) 0.3851960 1.82E-06 9.4 0.012 0.137 5.339544E-02 4.41E-07 16.5 0.225 0.242
Ni std SRM 986 14 (7018) 0.3851951 1.85E-06 9.6 -0.023 5.339327E-02 4.30E-07 16.1 -0.363
Henbury T 9 (7019) 0.3851973 2.23E-06 11.6 0.029 0.149 5.339542E-02 4.97E-07 18.6 0.199 0.245
Ni std SRM 986 15 (7020) 0.3851973 1.73E-06 9.0 0.057 5.339545E-02 4.18E-07 15.7 0.408
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Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 4 (7021) 0.3852033 2.22E-06 11.5 5.339603E-02 4.79E-07 17.9
Henbury T 10 (7022) 0.3852011 2.13E-06 11.1 -0.051 0.160 5.339439E-02 5.21E-07 19.5 -0.256 0.270
Ni std SRM 986 5 (7023) 0.3852028 2.22E-06 11.5 -0.013 5.339548E-02 5.14E-07 19.3 -0.103
Ni std SRM 986 1 (7024) 0.3851980 1.78E-06 9.2 5.339551E-02 4.67E-07 17.5
Henbury T 11 (7025) 0.3851984 2.02E-06 10.5 -0.061 0.138 5.339389E-02 5.01E-07 18.8 -0.362 0.254
Ni std SRM 986 2 (7026) 0.3852035 1.65E-06 8.6 0.143 5.339614E-02 4.47E-07 16.7 0.118
Henbury T 12 (7027) 0.3851942 1.95E-06 10.1 -0.247 0.139 5.339348E-02 4.45E-07 16.7 -0.515 0.241
Ni std SRM 986 3 (7028) 0.3852039 1.98E-06 10.3 0.010 5.339632E-02 4.85E-07 18.2 0.034
mean (TEVA) -0.109 -0.120
2 sd 0.220 0.564
2 se 0.063 0.163
n 12 12
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Table A3.1 (a) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 22  08
Ni std SRM 986 1 (7234) 0.3852097 1.64E-06 8.5 5.339225E-02 4.26E-07 16.0
Henbury T 1 (7235) 0.3852099 1.91E-06 9.9 0.016 0.134 5.339349E-02 4.93E-07 18.5 0.285 0.250
Ni std SRM 986 3 (7236) 0.3852089 1.84E-06 9.6 -0.021 5.339169E-02 4.74E-07 17.8 -0.105
Henbury T 2 (7237) 0.3852096 2.27E-06 11.8 0.029 0.154 5.339258E-02 5.25E-07 19.7 0.046 0.265
Ni std SRM 986 4 (7238) 0.3852081 1.99E-06 10.3 -0.021 5.339298E-02 4.76E-07 17.8 0.242
Henbury T 3 (7239) 0.3852082 2.26E-06 11.7 -0.073 0.158 5.339307E-02 4.85E-07 18.2 -0.074 0.257
Ni std SRM 986 5 (7240) 0.3852139 2.07E-06 10.7 0.151 5.339395E-02 4.95E-07 18.5 0.182
Henbury T 4 (7241) 0.3852083 1.77E-06 9.2 -0.077 0.134 5.339348E-02 4.51E-07 16.9 -0.003 0.247
Ni std SRM 986 5 (7242) 0.3852086 1.68E-06 8.7 -0.138 5.339304E-02 4.63E-07 17.3 -0.170
Ni std SRM 986 6 (7243) 0.3852047 1.79E-06 9.3 5.339383E-02 4.71E-07 17.6
Henbury T 5 (7244) 0.3852036 1.85E-06 9.6 -0.014 0.133 5.339281E-02 4.86E-07 18.2 -0.010 0.249
Ni std SRM 986 7 (7245) 0.3852036 1.77E-06 9.2 -0.029 5.339190E-02 4.36E-07 16.3 -0.361
Henbury T 6 (7246) 0.3852020 1.81E-06 9.4 0.001 0.135 5.339260E-02 4.87E-07 18.2 0.094 0.253
Ni std SRM 986 7 (7247) 0.3852003 1.97E-06 10.2 -0.086 5.339230E-02 4.98E-07 18.7 0.075
Henbury T 7 (7248) 0.3852013 1.82E-06 9.4 0.034 0.138 5.339328E-02 4.48E-07 16.8 0.221 0.245
Ni std SRM 986 9 (7249) 0.3851997 1.89E-06 9.8 -0.016 5.339190E-02 4.51E-07 16.9 -0.075
Henbury T 8 (7250) 0.3851959 1.93E-06 10.0 -0.086 0.142 5.339179E-02 5.02E-07 18.8 -0.037 0.260
Ni std SRM 986 9 (7251) 0.3851987 1.97E-06 10.2 -0.026 5.339207E-02 5.09E-07 19.1 0.032
Ni std SRM 986 2 (7252) 0.3851981 2.18E-06 11.3 5.339293E-02 4.93E-07 18.5
Henbury T 9 (7253) 0.3851977 2.06E-06 10.7 0.092 0.151 5.339345E-02 4.86E-07 18.2 0.238 0.262
Ni std SRM 986 3 (7254) 0.3851902 1.93E-06 10.0 -0.205 5.339143E-02 5.14E-07 19.3 -0.281
Hebury T 10 (7255) 0.3851887 2.00E-06 10.4 -0.095 0.146 5.339199E-02 4.84E-07 18.1 -0.027 0.257
Ni std SRM 986 4 (7256) 0.3851945 2.03E-06 10.5 0.112 5.339284E-02 4.59E-07 17.2 0.264
Henbury T 11 (7257) 0.3851954 2.06E-06 10.7 -0.017 0.154 5.339287E-02 5.35E-07 20.0 -0.247 0.267
Ni std SRM 986 3 (7258) 0.3851976 2.22E-06 11.5 0.080 5.339554E-02 4.85E-07 18.2 0.506
Hebury T 12 (7259) 0.3851895 2.34E-06 12.1 -0.196 0.166 5.339251E-02 4.74E-07 17.8 -0.462 0.263
Ni std SRM 986 4 (7260) 0.3851965 2.13E-06 11.1 -0.029 5.339441E-02 5.48E-07 20.5 -0.212
mean (TEVA#2) -0.032 0.002
2 sd 0.153 0.417
2 se 0.044 0.121
n 12 12
K. Andrews  2009 266
Table A3.1 (a) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 22  08
Ni std SRM 986 1 (7234) 0.3852097 1.64E-06 8.5 5.339225E-02 4.26E-07 16.0
Henbury T 1 (7235) 0.3852099 1.91E-06 9.9 0.016 0.134 5.339349E-02 4.93E-07 18.5 0.285 0.250
Ni std SRM 986 3 (7236) 0.3852089 1.84E-06 9.6 -0.021 5.339169E-02 4.74E-07 17.8 -0.105
Henbury T 2 (7237) 0.3852096 2.27E-06 11.8 0.029 0.154 5.339258E-02 5.25E-07 19.7 0.046 0.265
Ni std SRM 986 4 (7238) 0.3852081 1.99E-06 10.3 -0.021 5.339298E-02 4.76E-07 17.8 0.242
Henbury T 3 (7239) 0.3852082 2.26E-06 11.7 -0.073 0.158 5.339307E-02 4.85E-07 18.2 -0.074 0.257
Ni std SRM 986 5 (7240) 0.3852139 2.07E-06 10.7 0.151 5.339395E-02 4.95E-07 18.5 0.182
Henbury T 4 (7241) 0.3852083 1.77E-06 9.2 -0.077 0.134 5.339348E-02 4.51E-07 16.9 -0.003 0.247
Ni std SRM 986 5 (7242) 0.3852086 1.68E-06 8.7 -0.138 5.339304E-02 4.63E-07 17.3 -0.170
Ni std SRM 986 6 (7243) 0.3852047 1.79E-06 9.3 5.339383E-02 4.71E-07 17.6
Henbury T 5 (7244) 0.3852036 1.85E-06 9.6 -0.014 0.133 5.339281E-02 4.86E-07 18.2 -0.010 0.249
Ni std SRM 986 7 (7245) 0.3852036 1.77E-06 9.2 -0.029 5.339190E-02 4.36E-07 16.3 -0.361
Henbury T 6 (7246) 0.3852020 1.81E-06 9.4 0.001 0.135 5.339260E-02 4.87E-07 18.2 0.094 0.253
Ni std SRM 986 7 (7247) 0.3852003 1.97E-06 10.2 -0.086 5.339230E-02 4.98E-07 18.7 0.075
Henbury T 7 (7248) 0.3852013 1.82E-06 9.4 0.034 0.138 5.339328E-02 4.48E-07 16.8 0.221 0.245
Ni std SRM 986 9 (7249) 0.3851997 1.89E-06 9.8 -0.016 5.339190E-02 4.51E-07 16.9 -0.075
Henbury T 8 (7250) 0.3851959 1.93E-06 10.0 -0.086 0.142 5.339179E-02 5.02E-07 18.8 -0.037 0.260
Ni std SRM 986 9 (7251) 0.3851987 1.97E-06 10.2 -0.026 5.339207E-02 5.09E-07 19.1 0.032
Ni std SRM 986 2 (7252) 0.3851981 2.18E-06 11.3 5.339293E-02 4.93E-07 18.5
Henbury T 9 (7253) 0.3851977 2.06E-06 10.7 0.092 0.151 5.339345E-02 4.86E-07 18.2 0.238 0.262
Ni std SRM 986 3 (7254) 0.3851902 1.93E-06 10.0 -0.205 5.339143E-02 5.14E-07 19.3 -0.281
Hebury T 10 (7255) 0.3851887 2.00E-06 10.4 -0.095 0.146 5.339199E-02 4.84E-07 18.1 -0.027 0.257
Ni std SRM 986 4 (7256) 0.3851945 2.03E-06 10.5 0.112 5.339284E-02 4.59E-07 17.2 0.264
Henbury T 11 (7257) 0.3851954 2.06E-06 10.7 -0.017 0.154 5.339287E-02 5.35E-07 20.0 -0.247 0.267
Ni std SRM 986 3 (7258) 0.3851976 2.22E-06 11.5 0.080 5.339554E-02 4.85E-07 18.2 0.506
Hebury T 12 (7259) 0.3851895 2.34E-06 12.1 -0.196 0.166 5.339251E-02 4.74E-07 17.8 -0.462 0.263
Ni std SRM 986 4 (7260) 0.3851965 2.13E-06 11.1 -0.029 5.339441E-02 5.48E-07 20.5 -0.212
mean (TEVA B) -0.032 0.002
2 sd 0.153 0.417
2 se 0.044 0.121
n 12 12
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62Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851647 1.76E-06 9.1 1.674226E-02 9.95E-08 11.9
0.3851978 7.83E-05 406.5 0.861 4.066 1.674193E-02 1.36E-07 16.2 -0.221 0.205
0.3851646 1.71E-06 8.9 -0.003 1.674234E-02 1.09E-07 13.0 0.048
0.3851598 1.86E-06 9.7 1.674205E-02 1.15E-07 13.7
0.3851578 1.99E-06 10.3 -0.073 0.151 1.674240E-02 1.12E-07 13.4 0.272 0.191
0.3851614 2.34E-06 12.2 0.042 1.674184E-02 1.14E-07 13.6 -0.125
0.3851587 1.96E-06 10.2 -0.105 0.155 1.674256E-02 1.09E-07 13.0 0.364 0.189
0.3851641 2.18E-06 11.3 0.070 1.674206E-02 1.15E-07 13.7 0.131
0.3851591 2.21E-06 11.5 -0.129 0.167 1.674233E-02 1.15E-07 13.7 0.039 0.193
0.3851640 2.47E-06 12.8 -0.003 1.674247E-02 1.11E-07 13.3 0.245
0.3851558 2.41E-06 12.5 -0.271 0.189 1.674234E-02 1.29E-07 15.4 -0.090 0.207
0.3851685 2.96E-06 15.4 0.117 1.674251E-02 1.21E-07 14.5 0.024
0.3851658 1.54E-06 8.0 1.674235E-02 1.08E-07 12.9
0.3851673 1.62E-06 8.4 0.004 0.113 1.674254E-02 1.19E-07 14.2 0.054 0.190
0.3851685 1.35E-06 7.0 0.070 1.674255E-02 1.03E-07 12.3 0.119
0.3851689 1.47E-06 7.6 -0.017 0.106 1.674280E-02 1.06E-07 12.7 0.125 0.185
0.3851706 1.49E-06 7.7 0.055 1.674263E-02 1.21E-07 14.5 0.048
0.3851661 1.62E-06 8.4 -0.166 0.117 1.674257E-02 1.05E-07 12.5 -0.173 0.183
0.3851744 1.64E-06 8.5 0.099 1.674309E-02 1.02E-07 12.2 0.275
0.3851680 1.74E-06 9.0 -0.130 0.125 1.674258E-02 1.18E-07 14.1 -0.149 0.185
0.3851716 1.68E-06 8.7 -0.073 1.674257E-02 9.92E-08 11.9 -0.311
Ni std SRM 986 4 (7000)
Henbury T 1 (7001)
Ni std SRM 986 5 (7002)
Ni std SRM 986 6 (7003)
Henbury T 2 (7004)
Ni std SRM 986 7 (7005)
Henbury T 3 (7006)
Ni std SRM 986 8 (7007)
Henbury T 4 (7008)
Ni std SRM 986 9 (7009)
Henbury T 5 (7010)
Ni std SRM 986 10 (7011)
Ni std SRM 986 11 (7012)
Henbury T 6 (7013)
Ni std SRM 986 12 (7014)
Henbury T 7 (7015)
Ni std SRM 986 13 (7016)
Henbury T 8 (7017)
Ni std SRM 986 14 (7018)
Henbury T 9 (7019)
Ni std SRM 986 15 (7020)
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851748 2.32E-06 12.0 1.674243E-02 1.14E-07 13.6
0.3851773 2.22E-06 11.5 0.074 0.165 1.674282E-02 1.24E-07 14.8 0.194 0.205
0.3851741 2.24E-06 11.6 0.165 1.674256E-02 1.22E-07 14.6 0.078
0.3851731 1.38E-06 7.2 1.674256E-02 1.11E-07 13.3
0.3851796 1.48E-06 7.7 0.167 0.105 1.674294E-02 1.19E-07 14.2 0.275 0.192
0.3851732 1.36E-06 7.1 0.003 1.674240E-02 1.06E-07 12.7 -0.096
0.3851785 1.54E-06 8.0 0.147 0.116 1.674304E-02 1.06E-07 12.7 0.394 0.183





Ni std SRM 986 4 (7021)
Henbury T 10 (7022)
Ni std SRM 986 5 (7023)
Ni std SRM 986 1 (7024)
Henbury T 11 (7025)
Ni std SRM 986 2 (7026)
Henbury T 12 (7027)
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851943 1.27E-06 6.6 1.674333E-02 1.01E-07 12.1
0.3851926 1.47E-06 7.6 -0.039 0.102 1.674303E-02 1.17E-07 14.0 -0.218 0.190
0.3851939 1.31E-06 6.8 -0.010 1.674346E-02 1.13E-07 13.5 0.078
0.3851902 1.63E-06 8.5 -0.045 0.111 1.674325E-02 1.25E-07 14.9 -0.033 0.201
0.3851900 1.46E-06 7.6 -0.101 1.674315E-02 1.13E-07 13.5 -0.185
0.3851919 1.64E-06 8.5 0.036 0.117 1.674313E-02 1.15E-07 13.7 0.057 0.194
0.3851910 1.63E-06 8.5 0.026 1.674292E-02 1.17E-07 14.0 -0.137
0.3851882 1.37E-06 7.1 -0.053 0.102 1.674304E-02 1.07E-07 12.8 0.006 0.186
0.3851895 1.13E-06 5.9 -0.039 1.674314E-02 1.10E-07 13.1 0.131
0.3851860 1.19E-06 6.2 1.674295E-02 1.12E-07 13.4
0.3851880 1.53E-06 7.9 0.022 0.105 1.674320E-02 1.15E-07 13.7 0.012 0.188
0.3851883 1.43E-06 7.4 0.060 1.674341E-02 1.03E-07 12.3 0.275
0.3851864 1.36E-06 7.1 -0.023 0.105 1.674325E-02 1.16E-07 13.9 -0.069 0.192
0.3851863 1.58E-06 8.2 -0.052 1.674332E-02 1.18E-07 14.1 -0.054
0.3851852 1.51E-06 7.8 -0.014 0.114 1.674308E-02 1.06E-07 12.7 -0.170 0.185
0.3851852 1.59E-06 8.3 -0.029 1.674341E-02 1.07E-07 12.8 0.054
0.3851808 1.41E-06 7.3 -0.121 0.108 1.674344E-02 1.19E-07 14.2 0.030 0.197
0.3851857 1.45E-06 7.5 0.013 1.674337E-02 1.21E-07 14.5 -0.024
0.3851810 2.01E-06 10.4 1.674317E-02 1.17E-07 14.0
0.3851787 1.90E-06 9.9 -0.017 0.141 1.674304E-02 1.15E-07 13.7 -0.182 0.198
0.3851777 1.86E-06 9.7 -0.086 1.674352E-02 1.22E-07 14.6 0.209
0.3851756 1.80E-06 9.3 -0.042 0.131 1.674339E-02 1.15E-07 13.7 0.021 0.195
0.3851767 1.69E-06 8.8 -0.026 1.674319E-02 1.09E-07 13.0 -0.197
0.3851758 2.16E-06 11.2 0.004 0.149 1.674318E-02 1.27E-07 15.2 0.185 0.202
0.3851746 2.08E-06 10.8 -0.055 1.674255E-02 1.15E-07 13.7 -0.382
0.3851740 2.17E-06 11.3 -0.039 0.157 1.674327E-02 1.12E-07 13.4 0.349 0.198






Ni std SRM 986 1 (7234)
Henbury T 1 (7235)
Ni std SRM 986 3 (7236)
Henbury T 2 (7237)
Ni std SRM 986 4 (7238)
Henbury T 3 (7239)
Ni std SRM 986 5 (7240)
Henbury T 4 (7241)
Ni std SRM 986 5 (7242)
Ni std SRM 986 6 (7243)
Henbury T 5 (7244)
Ni std SRM 986 7 (7245)
Henbury T 6 (7246)
Ni std SRM 986 7 (7247)
Henbury T 7 (7248)
Ni std SRM 986 9 (7249)
Henbury T 8 (7250)
Ni std SRM 986 9 (7251)
Ni std SRM 986 2 (7252)
Henbury T 9 (7253)
Ni std SRM 986 3 (7254)
Hebury T 10 (7255)
Ni std SRM 986 4 (7256)
Henbury T 11 (7257)
Ni std SRM 986 3 (7258)
Hebury T 12 (7259)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 






5.339728E-02 4.80E-07 18.0 1.674445E-02 1.17E-07 14.0
5.340185E-02 2.38E-05 891.4 0.852 8.915 1.674438E-02 1.55E-07 18.5 -0.012 0.236
5.339732E-02 4.66E-07 17.5 0.007 1.674435E-02 1.29E-07 15.4 -0.060
5.339862E-02 5.07E-07 19.0 1.674450E-02 1.27E-07 15.2
5.339918E-02 5.43E-07 20.3 0.145 0.297 1.674503E-02 1.34E-07 16.0 0.343 0.230
5.339819E-02 6.39E-07 23.9 -0.081 1.674441E-02 1.49E-07 17.8 -0.054
5.339894E-02 5.35E-07 20.0 0.210 0.306 1.674509E-02 1.32E-07 15.8 0.454 0.236
5.339745E-02 5.96E-07 22.3 -0.139 1.674425E-02 1.45E-07 17.3 -0.096
5.339881E-02 6.02E-07 22.5 0.252 0.328 1.674490E-02 1.40E-07 16.7 0.257 0.235
5.339748E-02 6.73E-07 25.2 0.006 1.674469E-02 1.31E-07 15.6 0.263
5.339973E-02 6.57E-07 24.6 0.536 0.372 1.674500E-02 1.51E-07 18.0 0.173 0.252
5.339626E-02 8.09E-07 30.3 -0.228 1.674473E-02 1.62E-07 19.3 0.024
5.339701E-02 4.20E-07 15.7 1.674436E-02 1.19E-07 14.2
5.339658E-02 4.43E-07 16.6 -0.010 0.222 1.674464E-02 1.24E-07 14.8 0.152 0.206
5.339626E-02 3.68E-07 13.8 -0.140 1.674441E-02 1.21E-07 14.5 0.030
5.339615E-02 4.02E-07 15.1 0.033 0.209 1.674467E-02 1.22E-07 14.6 0.143 0.208
5.339569E-02 4.06E-07 15.2 -0.107 1.674445E-02 1.28E-07 15.3 0.024
5.339690E-02 4.43E-07 16.6 0.324 0.231 1.674444E-02 1.18E-07 14.1 -0.021 0.205
5.339465E-02 4.48E-07 16.8 -0.195 1.674450E-02 1.20E-07 14.3 0.030
5.339639E-02 4.75E-07 17.8 0.254 0.246 1.674436E-02 1.44E-07 17.2 -0.036 0.221
5.339542E-02 4.58E-07 17.2 0.144 1.674434E-02 1.13E-07 13.5 -0.096
Ni std SRM 986 4 (7000)
Henbury T 1 (7001)
Ni std SRM 986 5 (7002)
Ni std SRM 986 6 (7003)
Henbury T 2 (7004)
Ni std SRM 986 7 (7005)
Henbury T 3 (7006)
Ni std SRM 986 8 (7007)
Henbury T 4 (7008)
Ni std SRM 986 9 (7009)
Henbury T 5 (7010)
Ni std SRM 986 10 (7011)
Ni std SRM 986 11 (7012)
Henbury T 6 (7013)
Ni std SRM 986 12 (7014)
Henbury T 7 (7015)
Ni std SRM 986 13 (7016)
Henbury T 8 (7017)
Ni std SRM 986 14 (7018)
Henbury T 9 (7019)
Ni std SRM 986 15 (7020)
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 





5.339453E-02 6.33E-07 23.7 1.674397E-02 1.44E-07 17.2
5.339385E-02 6.05E-07 22.7 -0.145 0.325 1.674411E-02 1.38E-07 16.5 0.075 0.238
5.339472E-02 6.11E-07 22.9 0.036 1.674400E-02 1.44E-07 17.2 0.018
5.339501E-02 3.76E-07 14.1 1.674431E-02 1.15E-07 13.7
5.339323E-02 4.04E-07 15.1 -0.331 0.206 1.674429E-02 1.30E-07 15.5 0.093 0.204
5.339498E-02 3.70E-07 13.9 -0.006 1.674396E-02 1.07E-07 12.8 -0.209
5.339353E-02 4.19E-07 15.7 -0.289 0.227 1.674456E-02 1.26E-07 15.0 0.367 0.206





Ni std SRM 986 4 (7021)
Henbury T 10 (7022)
Ni std SRM 986 5 (7023)
Ni std SRM 986 1 (7024)
Henbury T 11 (7025)
Ni std SRM 986 2 (7026)
Henbury T 12 (7027)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 






5.338922E-02 3.46E-07 13.0 1.674356E-02 1.06E-07 12.7
5.338969E-02 4.00E-07 15.0 0.079 0.200 1.674354E-02 1.24E-07 14.8 -0.027 0.200
5.338932E-02 3.58E-07 13.4 0.019 1.674361E-02 1.19E-07 14.2 0.030
5.339033E-02 4.44E-07 16.6 0.090 0.219 1.674357E-02 1.47E-07 17.6 -0.039 0.230
5.339038E-02 3.99E-07 14.9 0.199 1.674366E-02 1.29E-07 15.4 0.030
5.338987E-02 4.46E-07 16.7 -0.071 0.230 1.674366E-02 1.47E-07 17.6 0.110 0.236
5.339012E-02 4.46E-07 16.7 -0.049 1.674329E-02 1.34E-07 16.0 -0.221
5.339089E-02 3.74E-07 14.0 0.106 0.201 1.674365E-02 1.15E-07 13.7 0.113 0.200
5.339053E-02 3.09E-07 11.6 0.077 1.674363E-02 1.09E-07 13.0 0.203
5.339149E-02 3.24E-07 12.1 1.674388E-02 1.16E-07 13.9
5.339094E-02 4.17E-07 15.6 -0.045 0.206 1.674395E-02 1.20E-07 14.3 0.021 0.199
5.339087E-02 3.90E-07 14.6 -0.116 1.674395E-02 1.14E-07 13.6 0.042
5.339137E-02 3.71E-07 13.9 0.043 0.207 1.674405E-02 1.17E-07 14.0 -0.003 0.201
5.339141E-02 4.31E-07 16.1 0.101 1.674416E-02 1.27E-07 15.2 0.125
5.339169E-02 4.13E-07 15.5 0.024 0.224 1.674410E-02 1.18E-07 14.1 -0.048 0.205
5.339171E-02 4.34E-07 16.3 0.056 1.674420E-02 1.22E-07 14.6 0.024
5.339289E-02 3.85E-07 14.4 0.236 0.212 1.674445E-02 1.25E-07 14.9 0.128 0.211
5.339155E-02 3.95E-07 14.8 -0.030 1.674427E-02 1.27E-07 15.2 0.042
5.339284E-02 5.50E-07 20.6 1.674430E-02 1.41E-07 16.8
5.339348E-02 5.18E-07 19.4 0.035 0.277 1.674433E-02 1.34E-07 16.0 -0.137 0.226
5.339375E-02 5.07E-07 19.0 0.170 1.674482E-02 1.25E-07 14.9 0.311
5.339432E-02 4.91E-07 18.4 0.082 0.258 1.674491E-02 1.29E-07 15.4 0.137 0.217
5.339401E-02 4.60E-07 17.2 0.049 1.674454E-02 1.31E-07 15.6 -0.167
5.339426E-02 5.91E-07 22.1 -0.007 0.294 1.674448E-02 1.33E-07 15.9 0.024 0.229
5.339458E-02 5.68E-07 21.3 0.107 1.674434E-02 1.44E-07 17.2 -0.119
5.339476E-02 5.93E-07 22.2 0.078 0.309 1.674486E-02 1.52E-07 18.2 0.290 0.248





April 22  08
Ni std SRM 986 1 (7234)
Henbury T 1 (7235)
Ni std SRM 986 3 (7236)
Henbury T 2 (7237)
Ni std SRM 986 4 (7238)
Henbury T 3 (7239)
Ni std SRM 986 5 (7240)
Henbury T 4 (7241)
Ni std SRM 986 5 (7242)
Ni std SRM 986 6 (7243)
Henbury T 5 (7244)
Ni std SRM 986 7 (7245)
Henbury T 6 (7246)
Ni std SRM 986 7 (7247)
Henbury T 7 (7248)
Ni std SRM 986 9 (7249)
Henbury T 8 (7250)
Ni std SRM 986 9 (7251)
Ni std SRM 986 2 (7252)
Henbury T 9 (7253)
Ni std SRM 986 3 (7254)
Hebury T 10 (7255)
Ni std SRM 986 4 (7256)
Henbury T 11 (7257)
Ni std SRM 986 3 (7258)
Hebury T 12 (7259)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.829248E-02 2.72E-07 0.4087699 4.84E-06
1.830169E-02 5.56E-07 0.441 0.4089948 9.05E-05 0.505
1.829478E-02 2.74E-07 0.4088065 4.43E-06
1.830239E-02 2.73E-07 0.4089161 4.61E-06
1.830410E-02 2.22E-07 -0.050 0.4089366 4.04E-06 -0.054
1.830765E-02 3.48E-07 0.4090009 6.25E-06
1.830756E-02 2.24E-07 0.118 0.4089826 4.00E-06 0.038
1.830314E-02 2.97E-07 0.4089331 5.16E-06
1.831232E-02 3.89E-07 0.530 0.4090608 6.66E-06 0.341
1.830211E-02 2.97E-07 0.4089098 5.53E-06
1.831025E-02 2.82E-07 0.246 0.4090272 4.96E-06 0.152
1.830939E-02 2.88E-07 0.4090200 5.86E-06
1.827666E-02 2.11E-07 0.4085342 3.62E-06
1.827769E-02 2.21E-07 -0.096 0.4085417 3.54E-06 -0.082
1.828224E-02 2.10E-07 0.4086166 3.50E-06
1.828317E-02 2.09E-07 0.037 0.4086289 3.15E-06 0.023
1.828274E-02 2.28E-07 0.4086221 3.70E-06
1.828663E-02 2.44E-07 -0.122 0.4086784 3.85E-06 -0.088
1.829500E-02 1.25E-07 0.4088063 4.83E-06
1.829285E-02 2.35E-07 -0.110 0.4087723 3.95E-06 -0.079
1.829472E-02 2.64E-07 0.4088031 4.22E-06
Ni std SRM 986 4 (7000)
Henbury T 1 (7001)
Ni std SRM 986 5 (7002)
Ni std SRM 986 6 (7003)
Henbury T 2 (7004)
Ni std SRM 986 7 (7005)
Henbury T 3 (7006)
Ni std SRM 986 8 (7007)
Henbury T 4 (7008)
Ni std SRM 986 9 (7009)
Henbury T 5 (7010)
Ni std SRM 986 10 (7011)
Ni std SRM 986 11 (7012)
Henbury T 6 (7013)
Ni std SRM 986 12 (7014)
Henbury T 7 (7015)
Ni std SRM 986 13 (7016)
Henbury T 8 (7017)
Ni std SRM 986 14 (7018)
Henbury T 9 (7019)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.826452E-02 2.54E-07 0.4083591 4.55E-06
1.825658E-02 2.56E-07 -0.367 0.4082344 4.85E-06 -0.253
1.826204E-02 2.60E-07 0.4083161 4.84E-06
1.829473E-02 1.93E-07 0.4088051 3.23E-06
1.828441E-02 3.00E-07 -0.588 0.4086550 4.44E-06 -0.390
1.829561E-02 2.08E-07 0.4088235 3.24E-06
1.828742E-02 2.04E-07 -0.397 0.4086916 3.48E-06 -0.285





Ni std SRM 986 4 (7021)
Henbury T 10 (7022)
Ni std SRM 986 5 (7023)
Ni std SRM 986 1 (7024)
Henbury T 11 (7025)
Ni std SRM 986 2 (7026)
Henbury T 12 (7027)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA B
1.823164E-02 1.45E-07 0.4078708 2.28E-06
1.822303E-02 1.65E-07 -0.402 0.4077403 2.52E-06 -0.272
1.822906E-02 1.64E-07 0.4078315 2.48E-06
1.822128E-02 1.87E-07 -0.301 0.4077152 3.05E-06 -0.195
1.822448E-02 1.84E-07 0.4077580 2.92E-06
1.822028E-02 1.96E-07 -0.290 0.4076998 3.51E-06 -0.193
1.822666E-02 1.73E-07 0.4077987 2.79E-06
1.822466E-02 1.48E-07 -0.200 0.4077612 2.36E-06 -0.142
1.822995E-02 1.49E-07 0.4078399 2.23E-06
1.823204E-02 1.63E-07 0.4078711 2.29E-06
1.822487E-02 1.86E-07 -0.371 0.4077629 3.07E-06 -0.246
1.823123E-02 1.71E-07 0.4078557 2.98E-06
1.822239E-02 1.68E-07 -0.434 0.4077227 2.52E-06 -0.288
1.822937E-02 1.92E-07 0.4078249 3.11E-06
1.822436E-02 2.21E-07 -0.261 0.4077488 3.64E-06 -0.179
1.822886E-02 2.13E-07 0.4078187 3.46E-06
1.822543E-02 2.07E-07 -0.344 0.4077597 3.28E-06 -0.247
1.823453E-02 1.54E-07 0.4079018 2.63E-06
1.824309E-02 1.99E-07 0.4080289 3.77E-06
1.823970E-02 1.95E-07 -0.265 0.4079775 3.42E-06 -0.174
1.824598E-02 2.34E-07 0.4080683 3.88E-06
1.824221E-02 1.90E-07 -0.295 0.4080059 3.26E-06 -0.212
1.824920E-02 2.49E-07 0.4081163 4.02E-06
1.824424E-02 2.55E-07 -0.290 0.4080379 4.51E-06 -0.210
1.824987E-02 2.24E-07 0.4081307 3.91E-06
1.824611E-02 2.05E-07 -0.349 0.4080694 4.08E-06 -0.246





Ni std SRM 986 1 (7234)
Henbury T 1 (7235)
Ni std SRM 986 3 (7236)
Henbury T 2 (7237)
Ni std SRM 986 4 (7238)
Henbury T 3 (7239)
Ni std SRM 986 5 (7240)
Henbury T 4 (7241)
Ni std SRM 986 5 (7242)
Ni std SRM 986 6 (7243)
Henbury T 5 (7244)
Ni std SRM 986 7 (7245)
Henbury T 6 (7246)
Ni std SRM 986 7 (7247)
Henbury T 7 (7248)
Ni std SRM 986 9 (7249)
Henbury T 8 (7250)
Ni std SRM 986 9 (7251)
Ni std SRM 986 2 (7252)
Henbury T 9 (7253)
Ni std SRM 986 3 (7254)
Hebury T 10 (7255)
Ni std SRM 986 4 (7256)
Henbury T 11 (7257)
Ni std SRM 986 3 (7258)
Hebury T 12 (7259)









K. Andrews  2009 276
Table A3.1 (b) MC-ICPMS data for Henbury Fe-Ni metal processed through Anion spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 18  08
Ni std SRM 986 2 (7091) 0.3852172 1.89E-06 9.8 5.338960E-02 4.71E-07 17.6
Henbury A 2 (7092) 0.3852306 1.98E-06 10.3 0.202 0.142 5.338930E-02 4.24E-07 15.9 -0.074 0.224
Ni std SRM 986 3 (7092) 0.3852284 1.91E-06 9.9 0.291 5.338979E-02 3.66E-07 13.7 0.036
Henbury A 3 (7093) 0.3852172 1.92E-06 10.0 -0.215 0.141 5.338923E-02 4.67E-07 17.5 0.093 0.235
Ni std SRM 986 4 (7094) 0.3852226 1.93E-06 10.0 -0.151 5.338768E-02 4.66E-07 17.5 -0.395
Henbury A 4 (7095) 0.3852147 1.85E-06 9.6 -0.284 0.138 5.338875E-02 4.98E-07 18.7 -0.082 0.252
Ni std SRM 986 5 (7096) 0.3852287 1.88E-06 9.8 0.158 5.339070E-02 4.40E-07 16.5 0.566
Ni std SRM 986 6 (7097) 0.3852215 1.86E-06 9.7 5.338971E-02 4.55E-07 17.0
Henbury A 5 (7098) 0.3852167 1.89E-06 9.8 -0.116 0.135 5.338937E-02 4.89E-07 18.3 -0.022 0.251
Ni std SRM 986 7 (7099) 0.3852208 1.73E-06 9.0 -0.018 5.338927E-02 4.62E-07 17.3 -0.082
Henbury A 6 (7100) 0.3852166 1.87E-06 9.7 -0.135 0.135 5.338954E-02 4.54E-07 17.0 -0.003 0.242
Ni std SRM 986 8 (7101) 0.3852228 1.90E-06 9.9 0.052 5.338984E-02 4.58E-07 17.2 0.107
Henbury A 7 (7102) 0.3852084 1.81E-06 9.4 -0.348 0.134 5.338795E-02 4.84E-07 18.1 -0.309 0.243
Ni std SRM 986 9 (7103) 0.3852208 1.75E-06 9.1 -0.052 5.338936E-02 4.01E-07 15.0 -0.090
Henbury A 8 (7104) 0.3852110 1.68E-06 8.7 -0.243 0.126 5.338834E-02 4.03E-07 15.1 -0.047 0.218
Ni std SRM 986 10 (7105) 0.3852199 1.77E-06 9.2 -0.023 5.338782E-02 4.35E-07 16.3 -0.288
Ni std SRM 986 2 (7106) 0.3852183 1.81E-06 9.4 5.338815E-02 4.57E-07 17.1
Henbury A 9 (7107) 0.3852107 1.66E-06 8.6 -0.209 0.127 5.338750E-02 4.28E-07 16.0 -0.046 0.234
Ni std SRM 986 3 (7108) 0.3852192 1.79E-06 9.3 0.023 5.338734E-02 4.53E-07 17.0 -0.152
Henbury A 10 (7109) 0.3852136 1.65E-06 8.6 -0.164 0.127 5.338823E-02 4.25E-07 15.9 0.132 0.231
Ni std SRM 986 4 (7110) 0.3852206 1.82E-06 9.4 0.036 5.338771E-02 4.40E-07 16.5 0.069
Henbury A 11 (7111) 0.3852121 1.60E-06 8.3 -0.291 0.128 5.338804E-02 3.94E-07 14.8 -0.006 0.227
Ni std SRM 986 5 (7096) 0.3852260 1.92E-06 10.0 0.140 5.338843E-02 4.77E-07 17.9 0.135
mean (ANION) -0.180 -0.036
2 sd 0.306 0.236
2 se 0.097 0.075
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3852133 1.72E-06 8.9 1.674396E-02 1.12E-07 13.4
0.3852272 1.88E-06 9.8 0.244 0.131 1.674403E-02 1.01E-07 12.1 0.057 0.170
0.3852223 1.63E-06 8.5 0.234 1.674391E-02 8.69E-08 10.4 -0.030
0.3852158 1.61E-06 8.4 -0.179 0.119 1.674404E-02 1.11E-07 13.3 -0.072 0.178
0.3852231 1.63E-06 8.5 0.021 1.674441E-02 1.11E-07 13.3 0.299
0.3852148 1.49E-06 7.7 -0.182 0.116 1.674416E-02 1.18E-07 14.1 0.069 0.191
0.3852205 1.69E-06 8.8 -0.067 1.674368E-02 1.04E-07 12.4 -0.436
0.3852181 1.67E-06 8.7 1.674393E-02 1.08E-07 12.9
0.3852149 1.56E-06 8.1 -0.088 0.117 1.674401E-02 1.16E-07 13.9 0.015 0.190
0.3852185 1.57E-06 8.2 0.010 1.674404E-02 1.10E-07 13.1 0.066
0.3852096 1.48E-06 7.7 -0.212 0.113 1.674397E-02 1.08E-07 12.9 0.000 0.184
0.3852170 1.60E-06 8.3 -0.039 1.674390E-02 1.09E-07 13.0 -0.084
0.3852114 1.50E-06 7.8 -0.162 0.111 1.674435E-02 1.15E-07 13.7 0.236 0.184
0.3852183 1.42E-06 7.4 0.034 1.674401E-02 9.52E-08 11.4 0.066
0.3852095 1.56E-06 8.1 -0.241 0.108 1.674426E-02 9.55E-08 11.4 0.039 0.164
0.3852193 1.32E-06 6.9 0.026 1.674438E-02 1.03E-07 12.3 0.221
0.3852206 1.26E-06 6.5 1.674430E-02 1.09E-07 13.0
0.3852131 1.26E-06 6.5 -0.208 0.093 1.674445E-02 1.01E-07 12.1 0.033 0.177
0.3852216 1.31E-06 6.8 0.026 1.674449E-02 1.08E-07 12.9 0.113
0.3852127 1.25E-06 6.5 -0.231 0.091 1.674428E-02 1.01E-07 12.1 -0.099 0.175
0.3852216 1.16E-06 6.0 0.000 1.674440E-02 1.04E-07 12.4 -0.054
0.3852135 1.29E-06 6.7 -0.254 0.095 1.674433E-02 9.34E-08 11.2 0.009 0.171





April 18  08
Ni std SRM 986 2 (7091)
Henbury A 2 (7092)
Ni std SRM 986 3 (7092)
Henbury A 3 (7093)
Ni std SRM 986 4 (7094)
Henbury A 4 (7095)
Ni std SRM 986 5 (7096)
Ni std SRM 986 6 (7097)
Henbury A 5 (7098)
Ni std SRM 986 7 (7099)
Henbury A 6 (7100)
Ni std SRM 986 8 (7101)
Henbury A 7 (7102)
Ni std SRM 986 9 (7103)
Henbury A 8 (7104)
Ni std SRM 986 10 (7105)
Ni std SRM 986 2 (7106)
Henbury A 9 (7107)
Ni std SRM 986 3 (7108)
Henbury A 10 (7109)
Ni std SRM 986 4 (7110)
Henbury A 11 (7111)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (b)  (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 






April 18  08
Ni std SRM 986 2 (7091)
Henbury A 2 (7092)
Ni std SRM 986 3 (7092)
Henbury A 3 (7093)
Ni std SRM 986 4 (7094)
Henbury A 4 (7095)
Ni std SRM 986 5 (7096)
Ni std SRM 986 6 (7097)
Henbury A 5 (7098)
Ni std SRM 986 7 (7099)
Henbury A 6 (7100)
Ni std SRM 986 8 (7101)
Henbury A 7 (7102)
Ni std SRM 986 9 (7103)
Henbury A 8 (7104)
Ni std SRM 986 10 (7105)
Ni std SRM 986 2 (7106)
Henbury A 9 (7107)
Ni std SRM 986 3 (7108)
Henbury A 10 (7109)
Ni std SRM 986 4 (7110)
Henbury A 11 (7111)





5.338405E-02 4.69E-07 17.6 1.674307E-02 1.22E-07 14.6
5.338023E-02 5.12E-07 19.2 -0.484 0.257 1.674221E-02 1.28E-07 15.3 -0.296 0.212
5.338158E-02 4.46E-07 16.7 -0.463 1.674234E-02 1.23E-07 14.7 -0.436
5.338336E-02 4.40E-07 16.5 0.355 0.235 1.674307E-02 1.24E-07 14.8 0.323 0.209
5.338135E-02 4.45E-07 16.7 -0.043 1.674272E-02 1.25E-07 14.9 0.227
5.338363E-02 4.07E-07 15.2 0.360 0.228 1.674324E-02 1.20E-07 14.3 0.430 0.206
5.338207E-02 4.62E-07 17.3 0.135 1.674232E-02 1.22E-07 14.6 -0.239
5.338273E-02 4.57E-07 17.1 1.674279E-02 1.20E-07 14.3
5.338360E-02 4.25E-07 15.9 0.173 0.230 1.674310E-02 1.23E-07 14.7 0.170 0.202
5.338262E-02 4.28E-07 16.0 -0.021 1.674284E-02 1.12E-07 13.4 0.030
5.338505E-02 4.02E-07 15.1 0.419 0.221 1.674311E-02 1.21E-07 14.5 0.200 0.202
5.338301E-02 4.36E-07 16.3 0.073 1.674271E-02 1.23E-07 14.7 -0.078
5.338454E-02 4.09E-07 15.3 0.318 0.218 1.674364E-02 1.17E-07 14.0 0.520 0.199
5.338268E-02 3.88E-07 14.5 -0.062 1.674283E-02 1.13E-07 13.5 0.072
5.338507E-02 4.25E-07 15.9 0.475 0.212 1.674347E-02 1.08E-07 12.9 0.361 0.187
5.338239E-02 3.60E-07 13.5 -0.054 1.674290E-02 1.14E-07 13.6 0.042
5.338204E-02 3.43E-07 12.9 1.674300E-02 1.17E-07 14.0
5.338409E-02 3.43E-07 12.9 0.409 0.184 1.674349E-02 1.07E-07 12.8 0.311 0.189
5.338177E-02 3.58E-07 13.4 -0.051 1.674294E-02 1.16E-07 13.9 -0.036
5.338421E-02 3.42E-07 12.8 0.456 0.180 1.674330E-02 1.07E-07 12.8 0.242 0.189
5.338178E-02 3.16E-07 11.8 0.002 1.674285E-02 1.18E-07 14.1 -0.054
5.338398E-02 3.52E-07 13.2 0.500 0.186 1.674340E-02 1.04E-07 12.4 0.433 0.191
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
1.824925E-02 2.28E-07 0.4081426 3.80E-06
1.824577E-02 2.71E-07 -0.215 0.4081117 4.73E-06 -0.106
1.825013E-02 1.85E-07 0.4081675 3.47E-06
1.824877E-02 3.09E-07 -0.081 0.4081419 4.66E-06 -0.057
1.825038E-02 1.97E-07 0.4081630 3.47E-06
1.825230E-02 2.56E-07 0.078 0.4081893 3.87E-06 0.038
1.825137E-02 1.85E-07 0.4081847 3.27E-06
1.825662E-02 2.25E-07 0.4082592 3.83E-06
1.825345E-02 1.96E-07 -0.087 0.4082082 3.29E-06 -0.065
1.825347E-02 2.17E-07 0.4082100 3.66E-06
1.825031E-02 1.93E-07 -0.084 0.4081572 3.10E-06 -0.074
1.825022E-02 2.02E-07 0.4081649 3.36E-06
1.825138E-02 2.59E-07 0.022 0.4081657 4.11E-06 -0.023
1.825174E-02 1.85E-07 0.4081852 3.28E-06
1.824968E-02 1.89E-07 -0.271 0.4081411 3.25E-06 -0.213
1.825752E-02 1.89E-07 0.4082706 2.81E-06
1.826368E-02 2.23E-07 0.4083622 3.49E-06
1.826128E-02 1.98E-07 -0.202 0.4083172 2.88E-06 -0.157
1.826626E-02 2.19E-07 0.4084004 3.31E-06
1.826770E-02 3.08E-07 0.045 0.4084138 4.68E-06 0.009
1.826750E-02 1.93E-07 0.4084201 2.81E-06
1.827089E-02 2.61E-07 0.082 0.4084648 4.09E-06 0.031





April 18  08
Ni std SRM 986 2 (7091)
Henbury A 2 (7092)
Ni std SRM 986 3 (7092)
Henbury A 3 (7093)
Ni std SRM 986 4 (7094)
Henbury A 4 (7095)
Ni std SRM 986 5 (7096)
Ni std SRM 986 6 (7097)
Henbury A 5 (7098)
Ni std SRM 986 7 (7099)
Henbury A 6 (7100)
Ni std SRM 986 8 (7101)
Henbury A 7 (7102)
Ni std SRM 986 9 (7103)
Henbury A 8 (7104)
Ni std SRM 986 10 (7105)
Ni std SRM 986 2 (7106)
Henbury A 9 (7107)
Ni std SRM 986 3 (7108)
Henbury A 10 (7109)
Ni std SRM 986 4 (7110)
Henbury A 11 (7111)
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Table A3.1 (c) MC-ICPMS data for Henbury Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





DMG / NI SPEC
Ni std SRM 986 0.3851971 2.24E-06 11.6   5.340303E-02 4.93E-07 18.5   
Henbury 0.3851956 2.29E-06 11.9 -0.016 0.162 5.340264E-02 4.91E-07 18.4 -0.104 0.258
Ni std SRM 986 0.3851953 2.02E-06 10.5 -0.047 5.340336E-02 4.70E-07 17.6 0.062
Henbury 0.3851917 2.29E-06 11.9 -0.023 0.159 5.340235E-02 4.70E-07 17.6 -0.110 0.253
Ni std SRM 986 0.3851899 2.05E-06 10.6 -0.140 5.340252E-02 5.00E-07 18.7 -0.157
Henbury 0.3851909 2.02E-06 10.5 0.010 0.146 5.340321E-02 4.95E-07 18.5 0.053 0.257
Ni std SRM 986 0.3851911 1.85E-06 9.6 0.031 5.340333E-02 4.49E-07 16.8 0.152
Henbury 0.3851867 2.01E-06 10.4 -0.077 0.145 5.340259E-02 4.91E-07 18.4 -0.039 0.261
Ni std SRM 986 0.3851882 2.00E-06 10.4 -0.075 5.340227E-02 5.34E-07 20.0 -0.198
Henbury 0.3851870 1.96E-06 10.2 -0.018 0.144 5.340225E-02 5.07E-07 19.0 -0.055 0.267
Ni std SRM 986 0.3851872 1.91E-06 9.9 -0.026 5.340282E-02 4.66E-07 17.5 0.103
Ni std SRM 986 0.3851855 2.19E-06 11.4   5.340285E-02 4.99E-07 18.7   
Henbury 0.3851894 2.10E-06 10.9 0.119 0.155 5.340419E-02 5.30E-07 19.8 0.213 0.274
Ni std SRM 986 0.3851841 2.05E-06 10.6 -0.036 5.340326E-02 5.12E-07 19.2 0.077
Henbury 0.3851867 2.14E-06 11.1 0.114 0.167 5.340449E-02 5.49E-07 20.6 0.235 0.286
Ni std SRM 986 0.3851805 2.70E-06 14.0 -0.093 5.340321E-02 5.50E-07 20.6 -0.009
Henbury 0.3851747 2.82E-06 14.6 -0.119 0.204 5.340214E-02 6.17E-07 23.1 -0.148 0.314
Ni std SRM 986 0.3851781 2.75E-06 14.3 -0.062 5.340265E-02 5.81E-07 21.8 -0.105
Henbury 0.3851746 2.36E-06 12.3 -0.075 0.178 5.340306E-02 5.48E-07 20.5 -0.039 0.295
Ni std SRM 986 0.3851769 2.21E-06 11.5 -0.031 5.340389E-02 5.51E-07 20.6 0.232
Henbury 0.3851773 2.34E-06 12.2 0.048 0.186 5.340350E-02 5.44E-07 20.4 0.018 0.294
Ni std SRM 986 0.3851740 3.12E-06 16.2 -0.075 5.340292E-02 5.84E-07 21.9 -0.182
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Table A3.1 (c) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





DMG / NI SPEC
Ni std SRM 986 0.3851885 2.05E-06 10.6   5.341724E-02 5.23E-07 19.6   
Henbury 0.3851898 2.00E-06 10.4 0.005 0.147 5.341742E-02 4.78E-07 17.9 0.167 0.268
Ni std SRM 986 0.3851907 1.96E-06 10.2 0.057 5.341582E-02 5.39E-07 20.2 -0.266
Henbury 0.3851897 1.97E-06 10.2 0.088 0.149 5.341715E-02 4.76E-07 17.8 0.306 0.267
Ni std SRM 986 0.3851819 2.20E-06 11.4 -0.228 5.341521E-02 5.21E-07 19.5 -0.114
Henbury 0.3851865 2.02E-06 10.5 0.086 0.152 5.341588E-02 5.05E-07 18.9 0.045 0.272
Ni std SRM 986 0.3851845 2.03E-06 10.5 0.068 5.341607E-02 5.27E-07 19.7 0.161
Henbury 0.3851788 1.97E-06 10.2 -0.109 0.148 5.341447E-02 4.86E-07 18.2 -0.241 0.263
Ni std SRM 986 0.3851815 2.09E-06 10.9 -0.078 5.341544E-02 4.84E-07 18.1 -0.118
Henbury 0.3851762 1.92E-06 10.0 -0.182 0.146 5.341507E-02 4.62E-07 17.3 -0.245 0.264
Ni std SRM 986 0.3851849 2.03E-06 10.5 0.088 5.341732E-02 5.77E-07 21.6 0.352
Ni std SRM 986 0.3851855 1.91E-06 9.9   5.341598E-02 5.01E-07 18.8   
Henbury 0.3851828 2.03E-06 10.5 -0.016 0.162 5.341629E-02 4.99E-07 18.7 0.095 0.261
Ni std SRM 986 0.3851796 2.19E-06 11.4 -0.047 5.341559E-02 4.69E-07 17.6 -0.073
Henbury 0.3851759 2.09E-06 10.9 -0.023 0.159 5.341500E-02 5.10E-07 19.1 -0.110 0.263
Ni std SRM 986 0.3851791 2.19E-06 11.4 -0.140 5.341559E-02 4.97E-07 18.6 0.000
Henbury 0.3851782 1.90E-06 9.9 0.010 0.146 5.341665E-02 4.88E-07 18.3 0.226 0.261
Ni std SRM 986 0.3851754 1.97E-06 10.2 0.031 5.341530E-02 5.00E-07 18.7 -0.054
Henbury 0.3851722 2.08E-06 10.8 -0.077 0.145 5.341413E-02 5.66E-07 21.2 -0.212 0.282
Ni std SRM 986 0.3851733 1.78E-06 9.2 -0.075 5.341523E-02 4.94E-07 18.5 -0.013
Henbury 0.3851773 2.21E-06 11.5 -0.018 0.144 5.341602E-02 5.28E-07 19.8 0.050 0.274
Ni std SRM 986 0.3851792 2.29E-06 11.9 -0.026 5.341628E-02 5.18E-07 19.4 0.197
mean (DMG) -0.014 0.005
2 sd 0.159 0.329
2 se 0.036 0.074
n 20 20
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





DMG / NI SPEC
0.3851429 2.31E-06 12.0   1.674077E-02 1.17E-07 14.0   
0.3851414 2.37E-06 12.3 -0.003 0.167 1.674086E-02 1.16E-07 13.9 0.078 0.195
0.3851401 2.04E-06 10.6 -0.073 1.674069E-02 1.12E-07 13.4 -0.048
0.3851405 2.30E-06 11.9 0.061 0.156 1.674093E-02 1.11E-07 13.3 0.084 0.191
0.3851362 1.85E-06 9.6 -0.101 1.674089E-02 1.19E-07 14.2 0.119
0.3851344 1.63E-06 8.5 -0.035 0.126 1.674073E-02 1.17E-07 14.0 -0.039 0.194
0.3851353 1.73E-06 9.0 -0.023 1.674070E-02 1.06E-07 12.7 -0.113
0.3851332 1.68E-06 8.7 -0.080 0.125 1.674088E-02 1.16E-07 13.9 0.033 0.197
0.3851373 1.70E-06 8.8 0.052 1.674095E-02 1.27E-07 15.2 0.149
0.3851345 1.92E-06 10.0 -0.017 0.135 1.674096E-02 1.20E-07 14.3 0.045 0.202
0.3851330 1.81E-06 9.4 -0.112 1.674082E-02 1.11E-07 13.3 -0.078
0.3851309 2.31E-06 12.0   1.674081E-02 1.18E-07 14.1   
0.3851302 1.66E-06 8.6 0.025 0.139 1.674050E-02 1.26E-07 15.1 -0.158 0.207
0.3851276 1.89E-06 9.8 -0.086 1.674072E-02 1.21E-07 14.5 -0.054
0.3851265 2.32E-06 12.0 -0.009 0.167 1.674043E-02 1.30E-07 15.5 -0.176 0.216
0.3851261 2.53E-06 13.1 -0.039 1.674073E-02 1.30E-07 15.5 0.006
0.3851245 2.75E-06 14.3 0.018 0.205 1.674098E-02 1.46E-07 17.4 0.111 0.237
0.3851215 3.11E-06 16.2 -0.119 1.674086E-02 1.38E-07 16.5 0.078
0.3851216 2.44E-06 12.7 0.031 0.191 1.674076E-02 1.30E-07 15.5 0.027 0.224
0.3851193 2.36E-06 12.3 -0.057 1.674057E-02 1.31E-07 15.7 -0.173
0.3851214 2.28E-06 11.8 0.031 0.189 1.674066E-02 1.29E-07 15.4 -0.015 0.223
0.3851211 3.24E-06 16.8 0.047 1.674080E-02 1.39E-07 16.6 0.137
   
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





DMG / NI SPEC
   
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury





0.3850819 1.44E-06 7.5   1.673740E-02 1.24E-07 14.8   
0.3850824 1.38E-06 7.2 -0.084 0.104 1.673736E-02 1.13E-07 13.5 -0.125 0.202
0.3850894 1.47E-06 7.6 0.195 1.673774E-02 1.28E-07 15.3 0.203
0.3850843 1.52E-06 7.9 -0.048 0.110 1.673742E-02 1.13E-07 13.5 -0.227 0.203
0.3850829 1.46E-06 7.6 -0.169 1.673786E-02 1.25E-07 14.9 0.072
0.3850824 1.50E-06 7.8 0.008 0.110 1.673772E-02 1.20E-07 14.3 -0.030 0.207
0.3850813 1.52E-06 7.9 -0.042 1.673768E-02 1.25E-07 14.9 -0.108
0.3850802 1.44E-06 7.5 -0.012 0.107 1.673806E-02 1.15E-07 13.7 0.182 0.199
0.3850800 1.45E-06 7.5 -0.034 1.673783E-02 1.15E-07 13.7 0.090
0.3850761 1.51E-06 7.8 -0.081 0.109 1.673792E-02 1.09E-07 13.0 0.188 0.200
0.3850784 1.48E-06 7.7 -0.042 1.673738E-02 1.37E-07 16.4 -0.269
0.3850839 1.56E-06 8.1   1.673770E-02 1.19E-07 14.2   
0.3850791 1.64E-06 8.5 -0.095 0.126 1.673763E-02 1.18E-07 14.1 -0.069 0.197
0.3850816 1.98E-06 10.3 -0.060 1.673779E-02 1.11E-07 13.3 0.054
0.3850779 1.79E-06 9.3 -0.057 0.136 1.673793E-02 1.21E-07 14.5 0.084 0.199
0.3850786 1.84E-06 9.6 -0.078 1.673779E-02 1.18E-07 14.1 0.000
0.3850754 1.54E-06 8.0 -0.079 0.121 1.673754E-02 1.16E-07 13.9 -0.170 0.198
0.3850783 1.66E-06 8.6 -0.008 1.673786E-02 1.19E-07 14.2 0.042
0.3850752 1.51E-06 7.8 -0.052 0.117 1.673814E-02 1.34E-07 16.0 0.161 0.213
0.3850761 1.69E-06 8.8 -0.057 1.673788E-02 1.17E-07 14.0 0.012
0.3850757 1.80E-06 9.3 -0.005 0.133 1.673769E-02 1.25E-07 14.9 -0.039 0.207
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
5.340325E-02 6.30E-07 23.6   1.674437E-02 1.45E-07 17.3   
5.340365E-02 6.47E-07 24.2 0.006 0.329 1.674447E-02 1.48E-07 17.7 0.024 0.242
5.340399E-02 5.58E-07 20.9 0.139 1.674449E-02 1.31E-07 15.6 0.072
5.340390E-02 6.27E-07 23.5 -0.118 0.308 1.674472E-02 1.48E-07 17.7 0.033 0.237
5.340507E-02 5.06E-07 18.9 0.202 1.674484E-02 1.33E-07 15.9 0.209
5.340557E-02 4.46E-07 16.7 0.070 0.248 1.674477E-02 1.31E-07 15.6 -0.018 0.218
5.340532E-02 4.72E-07 17.7 0.047 1.674476E-02 1.20E-07 14.3 -0.048
5.340590E-02 4.58E-07 17.2 0.167 0.246 1.674504E-02 1.30E-07 15.5 0.113 0.215
5.340470E-02 4.67E-07 17.5 -0.116 1.674494E-02 1.29E-07 15.4 0.107
5.340554E-02 5.25E-07 19.7 0.042 0.267 1.674502E-02 1.27E-07 15.2 0.027 0.214
5.340593E-02 4.94E-07 18.5 0.230 1.674501E-02 1.24E-07 14.8 0.042
5.340652E-02 6.30E-07 23.6   1.674512E-02 1.42E-07 17.0   
5.340671E-02 4.53E-07 17.0 -0.050 0.274 1.674487E-02 1.36E-07 16.2 -0.176 0.231
5.340743E-02 5.16E-07 19.3 0.170 1.674521E-02 1.33E-07 15.9 0.054
5.340772E-02 6.33E-07 23.7 0.018 0.329 1.674504E-02 1.39E-07 16.6 -0.173 0.249
5.340782E-02 6.90E-07 25.8 0.073 1.674545E-02 1.75E-07 20.9 0.143
5.340827E-02 7.51E-07 28.1 -0.034 0.404 1.674582E-02 1.82E-07 21.7 0.176 0.303
5.340908E-02 8.48E-07 31.8 0.236 1.674560E-02 1.78E-07 21.3 0.090
5.340904E-02 6.65E-07 24.9 -0.065 0.376 1.674583E-02 1.53E-07 18.3 0.113 0.266
5.340969E-02 6.45E-07 24.2 0.114 1.674568E-02 1.43E-07 17.1 0.048
5.340912E-02 6.22E-07 23.3 -0.061 0.372 1.674565E-02 1.51E-07 18.0 -0.075 0.276
5.340920E-02 8.84E-07 33.1 -0.092 1.674587E-02 2.02E-07 24.1 0.113
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Henbury Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury





5.341990E-02 3.93E-07 14.7   1.674493E-02 1.32E-07 15.8   
5.341975E-02 3.77E-07 14.1 0.165 0.205 1.674485E-02 1.29E-07 15.4 -0.006 0.218
5.341784E-02 4.01E-07 15.0 -0.386 1.674479E-02 1.27E-07 15.2 -0.084
5.341924E-02 4.14E-07 15.5 0.096 0.216 1.674485E-02 1.27E-07 15.2 -0.131 0.221
5.341961E-02 4.00E-07 15.0 0.331 1.674535E-02 1.42E-07 17.0 0.334
5.341975E-02 4.09E-07 15.3 -0.016 0.216 1.674506E-02 1.31E-07 15.6 -0.125 0.226
5.342006E-02 4.15E-07 15.5 0.084 1.674519E-02 1.31E-07 15.6 -0.096
5.342036E-02 3.94E-07 14.8 0.022 0.212 1.674556E-02 1.27E-07 15.2 0.164 0.220
5.342042E-02 3.95E-07 14.8 0.067 1.674538E-02 1.35E-07 16.1 0.113
5.342148E-02 4.13E-07 15.5 0.158 0.215 1.674572E-02 1.24E-07 14.8 0.269 0.217
5.342085E-02 4.03E-07 15.1 0.080 1.674516E-02 1.31E-07 15.6 -0.131
5.341934E-02 4.27E-07 16.0   1.674512E-02 1.24E-07 14.8   
5.342066E-02 4.48E-07 16.8 0.188 0.248 1.674530E-02 1.31E-07 15.6 -0.006 0.223
5.341997E-02 5.41E-07 20.3 0.118 1.674550E-02 1.41E-07 16.8 0.227
5.342100E-02 4.89E-07 18.3 0.115 0.268 1.674574E-02 1.35E-07 16.1 0.131 0.234
5.342080E-02 5.02E-07 18.8 0.155 1.674554E-02 1.42E-07 17.0 0.024
5.342168E-02 4.21E-07 15.8 0.156 0.239 1.674560E-02 1.23E-07 14.7 -0.036 0.218
5.342089E-02 4.53E-07 17.0 0.017 1.674578E-02 1.28E-07 15.3 0.143
5.342172E-02 4.13E-07 15.5 0.099 0.231 1.674599E-02 1.35E-07 16.1 0.087 0.217
5.342149E-02 4.62E-07 17.3 0.112 1.674591E-02 1.15E-07 13.7 0.078
5.342158E-02 4.93E-07 18.5 0.008 0.261 1.674565E-02 1.43E-07 17.1 -0.042 0.233
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Henbury Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG / NI SPEC
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
1.813177E-02 5.55E-07  0.4063576 8.83E-06  
1.812282E-02 4.83E-07 -0.390 0.4062178 7.70E-06 -0.269
1.812801E-02 3.05E-07  0.4062967 5.29E-06  
1.813248E-02 5.13E-07 -0.242 0.4063585 8.35E-06 -0.165
1.814574E-02 4.75E-07  0.4065548 7.43E-06  
1.815355E-02 3.75E-07 -0.014 0.4066759 5.76E-06 -0.002
1.816188E-02 2.68E-07  0.4067986 4.76E-06  
1.816292E-02 3.81E-07 -0.045 0.4068093 6.12E-06 -0.043
1.816560E-02 4.49E-07  0.4068553 6.60E-06  
1.817546E-02 4.18E-07 0.074 0.4070010 6.51E-06 0.045
1.818262E-02 4.68E-07  0.4071101 7.11E-06  
1.820260E-02 4.63E-07  0.4074015 7.19E-06  
1.816774E-02 3.67E-07 -1.163 0.4068864 5.76E-06 -0.761
1.817517E-02 5.19E-07  0.4069913 7.79E-06  
1.819106E-02 4.83E-07 0.315 0.4072333 7.54E-06 0.219
1.819551E-02 7.37E-07  0.4072970 1.15E-05  
1.821031E-02 5.14E-07 0.208 0.4075105 8.28E-06 0.127
1.821752E-02 6.67E-07  0.4076207 1.05E-05  
1.820608E-02 3.63E-07 -0.646 0.4074453 6.22E-06 -0.450
1.821816E-02 3.52E-07  0.4076364 6.03E-06  
1.821218E-02 3.43E-07 -1.187 0.4075446 6.02E-06 -0.798





K. Andrews  2009 287
± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Henbury Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG / NI SPEC
1.815402E-02 1.65E-07  0.4066789 2.66E-06  
1.815527E-02 1.67E-07 0.193 0.4067005 2.86E-06 0.135
1.814951E-02 1.78E-07  0.4066121 2.64E-06  
1.815028E-02 1.66E-07 0.066 0.4066273 2.62E-06 0.057
1.814865E-02 1.59E-07  0.4065960 2.42E-06  
1.815116E-02 1.76E-07 0.171 0.4066317 2.59E-06 0.110
1.814745E-02 1.75E-07  0.4065779 2.66E-06  
1.815199E-02 1.67E-07 0.257 0.4066390 2.65E-06 0.163
1.814719E-02 1.96E-07  0.4065672 2.96E-06  
1.815505E-02 2.91E-07 0.406 0.4066831 4.42E-06 0.254
1.814817E-02 1.70E-07  0.4065927 2.37E-06  
1.811106E-02 3.59E-07  0.4060269 5.46E-06  
1.811335E-02 1.74E-07 -0.025 0.4060589 3.04E-06 -0.015
1.811653E-02 6.08E-07  0.4061027 9.16E-06  
1.812073E-02 5.49E-07 0.360 0.4061663 8.38E-06 0.237
1.811188E-02 1.96E-07  0.4060372 3.43E-06  
1.811756E-02 1.83E-07 0.346 0.4061210 3.04E-06 0.233
1.811071E-02 1.61E-07  0.4060157 2.74E-06  
1.811575E-02 1.90E-07 0.242 0.4060841 2.76E-06 0.147
1.811204E-02 1.76E-07  0.4060334 2.90E-06  
1.811736E-02 2.33E-07 0.213 0.4061114 3.49E-06 0.133





Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
Ni std SRM 986
Henbury
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Table A3.1 MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof.  Martin Bizzarro (bracketed with Aristar Ni standard)  NB: MB = Martin 
Bizzarro
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





Ni std Arsistar 0.3851499 1.88E-06 9.8 5.339137E-02 4.95E-07 18.5
Mundrabilla (MB) 0.3851460 1.72E-06 8.9 -0.052 0.133 5.339038E-02 4.51E-07 16.9 -0.094 0.247
Ni std Arsistar 0.3851461 1.89E-06 9.8 -0.099 5.339039E-02 4.68E-07 17.5 -0.184
Mundrabilla (MB) 0.3851473 1.96E-06 10.2 0.083 0.144 5.339039E-02 4.94E-07 18.5 0.182 0.259
Ni std Arsistar 0.3851421 2.01E-06 10.4 -0.104 5.338845E-02 4.99E-07 18.7 -0.363
Ni std Arsistar 0.3851500 1.54E-06 8.0 5.339070E-02 4.37E-07 16.4
Mundrabilla (MB) 0.3851511 1.73E-06 9.0 0.022 0.129 5.339113E-02 4.66E-07 17.5 0.118 0.248
Ni std Arsistar 0.3851505 1.98E-06 10.3 0.013 5.339030E-02 5.00E-07 18.7 -0.075
Ni std Arsistar 0.3851514 1.93E-06 10.0 5.339014E-02 4.75E-07 17.8
Mundrabilla (MB) 0.3851465 1.94E-06 10.1 -0.047 0.141 5.339121E-02 4.41E-07 16.5 0.237 0.243
Ni std Arsistar 0.3851452 1.89E-06 9.8 -0.161 5.338975E-02 4.74E-07 17.8 -0.073
Ni std Arsistar 0.3851476 1.87E-06 9.7 0.062 5.339030E-02 4.63E-07 17.3 0.103
Mundrabilla (MB) 0.3851458 1.89E-06 9.8 -0.088 0.139 5.339075E-02 4.56E-07 17.1 -0.007 0.245
Ni std Arsistar 0.3851508 1.90E-06 9.9 0.083 5.339127E-02 4.77E-07 17.9 0.182
Mundrabilla (MB) 0.3851506 1.97E-06 10.2 0.069 0.142 5.339225E-02 4.97E-07 18.6 0.238 0.259
Ni std Arsistar 0.3851451 1.92E-06 10.0 -0.148 5.339069E-02 4.87E-07 18.2 -0.109
Mundrabilla (MB) 0.3851507 1.93E-06 10.0 0.055 0.140 5.339192E-02 4.82E-07 18.1 0.130 0.253
Ni std Arsistar 0.3851521 1.84E-06 9.6 0.182 5.339176E-02 4.58E-07 17.2 0.200
Mundrabilla (MB) 0.3851501 1.78E-06 9.2 0.053 0.134 5.339153E-02 4.52E-07 16.9 0.155 0.252
Ni std Arsistar 0.3851440 1.90E-06 9.9 -0.210 5.338964E-02 5.35E-07 20.0 -0.397
Mundrabilla (MB) 0.3851427 1.80E-06 9.3 0.053 0.136 5.338833E-02 4.91E-07 18.4 0.007 0.269
Ni std Arsistar 0.3851373 1.93E-06 10.0 -0.174 5.338695E-02 5.15E-07 19.3 -0.504
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Table A3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof.  Martin Bizzarro (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





Ni std Aristar 3 0.3851870 1.98E-06 10.3 5.339614E-02 4.25E-07 15.9
Mundrabilla (MB) 1 0.3851850 2.00E-06 10.4 -0.030 0.143 5.339670E-02 5.07E-07 19.0 -0.007 0.257
Ni std Aristar 4 0.3851853 1.82E-06 9.4 -0.044 5.339733E-02 4.95E-07 18.5 0.223
Mundrabilla (MB) 2 0.3851792 1.77E-06 9.2 -0.035 0.140 5.339735E-02 4.79E-07 17.9 -0.010 0.268
Ni std Aristar 5 0.3851758 2.25E-06 11.7 -0.247 5.339748E-02 5.68E-07 21.3 0.028
Mundrabilla (MB) 3 0.3851767 1.94E-06 10.1 0.035 0.152 5.339660E-02 5.14E-07 19.3 -0.164 0.272
Ni std Aristar 6 0.3851749 2.13E-06 11.1 -0.023 5.339747E-02 4.52E-07 16.9 -0.002
Mundrabilla (MB) 4 0.3851776 1.90E-06 9.9 0.026 0.147 5.339720E-02 4.81E-07 18.0 -0.036 0.253
Ni std Aristar 7 0.3851783 2.09E-06 10.9 0.088 5.339731E-02 4.98E-07 18.7 -0.030
Mundrabilla (MB) 5 0.3851714 1.95E-06 10.1 -0.096 0.144 5.339574E-02 5.03E-07 18.8 -0.283 0.263
Ni std Aristar 8 0.3851719 1.86E-06 9.7 -0.166 5.339719E-02 4.82E-07 18.1 -0.022
Mundrabilla (MB) 6 0.3851721 1.93E-06 10.0 -0.014 0.142 5.339615E-02 5.14E-07 19.3 -0.136 0.268
Ni std Aristar 9 0.3851734 1.99E-06 10.3 0.039 5.339656E-02 5.10E-07 19.1 -0.118
Mundrabilla (MB) 7 0.3851692 1.94E-06 10.1 -0.119 0.145 5.339481E-02 4.80E-07 18.0 -0.350 0.259
Ni std Aristar 10 0.3851742 2.02E-06 10.5 0.021 5.339680E-02 4.83E-07 18.1 0.045
mean (all) -0.005 -0.001
2 sd 0.127 0.350
2 se 0.032 0.087
n 16 16
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof. Martin Bizzarro (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851413 1.29E-06 6.7 1.674364E-02 1.17E-07 14.0
0.3851397 1.47E-06 7.6 -0.035 0.103 1.674387E-02 1.07E-07 12.8 0.069 0.187
0.3851408 1.36E-06 7.1 -0.013 1.674387E-02 1.11E-07 13.3 0.137
0.3851443 1.43E-06 7.4 0.065 0.105 1.674387E-02 1.17E-07 14.0 -0.137 0.196
0.3851428 1.47E-06 7.6 0.052 1.674433E-02 1.18E-07 14.1 0.275
0.3851445 1.40E-06 7.3 1.674380E-02 1.04E-07 12.4
0.3851448 1.53E-06 7.9 -0.013 0.109 1.674369E-02 1.10E-07 13.1 -0.093 0.187
0.3851461 1.49E-06 7.7 0.042 1.674389E-02 1.19E-07 14.2 0.054
0.3851458 1.45E-06 7.5 1.674393E-02 1.13E-07 13.5
0.3851428 1.65E-06 8.6 -0.038 0.113 1.674368E-02 1.05E-07 12.5 -0.176 0.184
0.3851427 1.39E-06 7.2 -0.080 1.674402E-02 1.12E-07 13.4 0.054
0.3851413 1.37E-06 7.1 -0.036 1.674389E-02 1.10E-07 13.1 -0.078
0.3851397 1.32E-06 6.9 -0.025 0.100 1.674379E-02 1.08E-07 12.9 0.009 0.185
0.3851400 1.41E-06 7.3 -0.034 1.674366E-02 1.13E-07 13.5 -0.137
0.3851375 1.46E-06 7.6 -0.056 0.103 1.674343E-02 1.18E-07 14.1 -0.179 0.196
0.3851393 1.25E-06 6.5 -0.018 1.674380E-02 1.15E-07 13.7 0.084
0.3851397 1.10E-06 5.7 -0.030 0.087 1.674351E-02 1.14E-07 13.6 -0.099 0.191
0.3851424 1.30E-06 6.8 0.080 1.674355E-02 1.09E-07 13.0 -0.149
0.3851407 1.53E-06 7.9 -0.042 0.105 1.674360E-02 1.07E-07 12.8 -0.119 0.191
0.3851422 1.36E-06 7.1 -0.005 1.674405E-02 1.27E-07 15.2 0.299
0.3851443 1.14E-06 5.9 0.029 0.091 1.674436E-02 1.16E-07 13.9 -0.006 0.203
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof. Martin Bizzarro (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





Ni std Aristar 3
Mundrabilla (MB) 1
Ni std Aristar 4
Mundrabilla (MB) 2
Ni std Aristar 5
Mundrabilla (MB) 3
Ni std Aristar 6
Mundrabilla (MB) 4
Ni std Aristar 7
Mundrabilla (MB) 5
Ni std Aristar 8
Mundrabilla (MB) 6
Ni std Aristar 9
Mundrabilla (MB) 7





0.3851568 1.60E-06 8.3 1.674241E-02 1.01E-07 12.1
0.3851528 1.52E-06 7.9 -0.008 0.110 1.674227E-02 1.20E-07 14.3 0.003 0.194
0.3851494 1.32E-06 6.9 -0.192 1.674212E-02 1.17E-07 14.0 -0.173
0.3851478 1.38E-06 7.2 0.019 0.105 1.674212E-02 1.14E-07 13.6 0.009 0.203
0.3851447 1.60E-06 8.3 -0.122 1.674209E-02 1.35E-07 16.1 -0.018
0.3851463 1.52E-06 7.9 0.077 0.118 1.674230E-02 1.22E-07 14.6 0.125 0.206
0.3851420 1.78E-06 9.2 -0.070 1.674209E-02 1.07E-07 12.8 0.000
0.3851456 1.43E-06 7.4 0.055 0.121 1.674215E-02 1.14E-07 13.6 0.024 0.191
0.3851450 1.88E-06 9.8 0.078 1.674213E-02 1.18E-07 14.1 0.024
0.3851432 1.45E-06 7.5 -0.001 0.115 1.674250E-02 1.19E-07 14.2 0.212 0.199
0.3851415 1.42E-06 7.4 -0.091 1.674216E-02 1.14E-07 13.6 0.018
0.3851413 1.46E-06 7.6 -0.003 0.106 1.674240E-02 1.22E-07 14.6 0.099 0.202
0.3851413 1.43E-06 7.4 -0.005 1.674231E-02 1.21E-07 14.5 0.090
0.3851433 1.54E-06 8.0 0.018 0.116 1.674272E-02 1.14E-07 13.6 0.263 0.196
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof. Martin Bizzarro (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.819183E-02 1.58E-07 0.407209 2.21E-06
1.819549E-02 1.64E-07 0.193 0.407259 2.65E-06 0.125
1.819213E-02 1.45E-07 0.407207 2.45E-06
1.819400E-02 1.52E-07 0.117 0.407242 2.59E-06 0.096
1.819163E-02 1.62E-07 0.407199 2.53E-06
1.818290E-02 1.45E-07 0.407076 2.22E-06
1.818539E-02 1.61E-07 0.150 0.407114 2.65E-06 0.101
1.818241E-02 1.76E-07 0.407070 2.81E-06
1.818618E-02 1.57E-07 0.407126 2.63E-06
1.818965E-02 1.74E-07 0.190 0.407175 2.91E-06 0.125
1.818621E-02 1.48E-07 0.407122 2.46E-06
1.818655E-02 1.49E-07 0.407127 2.31E-06
1.819218E-02 1.46E-07 0.191 0.407213 2.25E-06 0.130
1.819088E-02 1.60E-07 0.407193 2.39E-06
1.819292E-02 1.58E-07 0.102 0.407227 2.44E-06 0.079
1.819124E-02 1.38E-07 0.407196 2.06E-06
1.819366E-02 1.21E-07 0.121 0.407237 1.81E-06 0.082
1.819168E-02 1.35E-07 0.407212 2.14E-06
1.819400E-02 1.47E-07 0.103 0.407243 2.58E-06 0.068
1.819259E-02 1.55E-07 0.407219 2.24E-06
1.819016E-02 1.28E-07 0.048 0.407176 1.93E-06 0.032
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof. Martin Bizzarro (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
Ni std Aristar 3
Mundrabilla (MB) 1
Ni std  Aristar 4
Mundrabilla (MB) 2
Ni std Aristar 5
Mundrabilla (MB) 3
Ni std Aristar 6
Mundrabilla (MB) 4
Ni std Aristar 7
Mundrabilla (MB) 5
Ni std Aristar 8
Mundrabilla (MB) 6
Ni std Aristar 9
Mundrabilla (MB) 7





1.814281E-02 1.61E-07 0.406509 2.94E-06
1.814786E-02 1.66E-07 0.204 0.406581 2.79E-06 0.129
1.814552E-02 1.41E-07 0.406548 2.17E-06
1.815361E-02 1.66E-07 0.338 0.406666 2.40E-06 0.227
1.814944E-02 1.98E-07 0.406599 2.89E-06
1.815648E-02 1.73E-07 0.287 0.406705 2.58E-06 0.196
1.815309E-02 1.80E-07 0.406651 3.31E-06
1.815389E-02 1.74E-07 0.174 0.406672 2.95E-06 0.131
1.814836E-02 1.88E-07 0.406585 3.41E-06
1.815566E-02 1.51E-07 0.350 0.406689 2.38E-06 0.227
1.815027E-02 1.94E-07 0.406607 2.83E-06
1.815450E-02 1.94E-07 0.267 0.406671 3.10E-06 0.179
1.814904E-02 1.96E-07 0.406589 2.99E-06
1.815215E-02 1.75E-07 0.307 0.406629 2.79E-06 0.184
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Table A3.1 MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof.  Martin Bizzarro (bracketed with NIST SRM 986 Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 1 (6652) 0.3852175 1.91E-06 9.9 5.339663E-02 4.86E-07 18.2
Mundrabilla 1 (6653) 0.3852162 1.83E-06 9.5 -0.066 0.135 5.339651E-02 4.69E-07 17.6 -0.025 0.247
Ni std SRM 986 2 (6654) 0.3852200 1.77E-06 9.2 0.065 5.339666E-02 4.40E-07 16.5 0.006
Mundrabilla 2 (6654) 0.3852125 1.90E-06 9.9 -0.164 0.136 5.339498E-02 4.67E-07 17.5 -0.267 0.245
Ni std SRM 986 3 (6656) 0.3852176 1.83E-06 9.5 -0.062 5.339615E-02 4.77E-07 17.9 -0.096
Mundrabila 3 (6657) 0.3852141 1.87E-06 9.7 -0.044 0.139 5.339633E-02 4.22E-07 15.8 0.124 0.235
Ni std SRM 986 4 (6658) 0.3852140 1.98E-06 10.3 -0.093 5.339519E-02 4.53E-07 17.0 -0.180
Mundrabilla 4 (6659) 0.3852135 1.98E-06 10.3 0.003 0.143 5.339589E-02 4.57E-07 17.1 0.211 0.245
Ni std SRM 986 5 (6660) 0.3852128 1.87E-06 9.7 -0.031 5.339434E-02 4.79E-07 17.9 -0.159
Ni std SRM 986 7 (6663) 0.3852193 1.91E-06 9.9 5.339458E-02 5.00E-07 18.7
Mundrabilla 6 (6664) 0.3852142 2.01E-06 10.4 -0.096 0.143 5.339430E-02 5.01E-07 18.8 -0.097 0.258
Ni std SRM 986 8 (6665) 0.3852165 1.86E-06 9.7 -0.073 5.339506E-02 4.43E-07 16.6 0.090
Ni std SRM 986 1 (6667) 0.3852211 1.80E-06 9.3 5.339496E-02 4.54E-07 17.0
Mundrabilla 7 (6668) 0.3852209 1.96E-06 10.2 -0.057 0.140 5.339577E-02 4.85E-07 18.2 0.152 0.251
Ni std SRM 986 2 (6669) 0.3852251 1.88E-06 9.8 0.104 5.339496E-02 4.68E-07 17.5 0.000
Mundrabilla 8 (6670) 0.3852226 1.73E-06 9.0 -0.140 0.137 5.339607E-02 4.30E-07 16.1 -0.034 0.242
Ni std SRM 986 3 (6671) 0.3852309 2.09E-06 10.9 0.151 5.339754E-02 4.95E-07 18.5 0.483
Mundrabila 9 (6672) 0.3852224 1.88E-06 9.8 -0.177 0.139 5.339501E-02 4.72E-07 17.7 -0.271 0.251
Ni std SRM 986 4 (6673) 0.3852275 1.72E-06 8.9 -0.088 5.339537E-02 4.57E-07 17.1 -0.406
Mundrabilla 10 (6674) 0.3852227 1.60E-06 8.3 -0.012 0.128 5.339562E-02 4.55E-07 17.0 0.268 0.240
Ni std SRM 986 5 (6675) 0.3852188 2.02E-06 10.5 -0.226 5.339301E-02 4.46E-07 16.7 -0.442
Ni std SRM 986 4 (6682) 0.3852191 1.77E-06 9.2 5.339332E-02 4.71E-07 17.6
Mundrabilla 11 (6683) 0.3852131 1.71E-06 8.9 -0.148 0.127 5.339370E-02 4.58E-07 17.2 0.003 0.248
Ni std SRM 986 5 (6684) 0.3852185 1.74E-06 9.0 -0.016 5.339405E-02 4.85E-07 18.2 0.137
mean (all) -0.090 0.006
2 sd 0.129 0.371
2 se 0.041 0.117
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof Martin Bizzarro (bracketed with NIST SRM 986 NI standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851871 1.50E-06 7.8 1.674229E-02 1.15E-07 13.7
0.3851872 1.80E-06 9.3 -0.013 0.121 1.674232E-02 1.11E-07 13.3 0.021 0.186
0.3851883 1.46E-06 7.6 0.031 1.674228E-02 1.04E-07 12.4 -0.006
0.3851865 1.65E-06 8.6 -0.027 0.117 1.674268E-02 1.11E-07 13.3 0.203 0.185
0.3851868 1.61E-06 8.4 -0.039 1.674240E-02 1.13E-07 13.5 0.072
0.3851852 1.55E-06 8.0 -0.086 0.117 1.674236E-02 1.00E-07 11.9 -0.093 0.178
0.3851902 1.65E-06 8.6 0.088 1.674263E-02 1.07E-07 12.8 0.137
0.3851865 1.69E-06 8.8 -0.118 0.123 1.674245E-02 1.09E-07 13.0 -0.167 0.185
0.3851919 1.68E-06 8.7 0.044 1.674283E-02 1.14E-07 13.6 0.119
0.3851942 1.69E-06 8.8 1.674277E-02 1.19E-07 14.2
0.3851887 1.52E-06 7.9 -0.099 0.118 1.674284E-02 1.19E-07 14.2 0.075 0.195
0.3851908 1.69E-06 8.8 -0.088 1.674266E-02 1.05E-07 12.5 -0.066
0.3851953 1.25E-06 6.5 1.674269E-02 1.08E-07 12.9
0.3851920 1.24E-06 6.4 -0.134 0.095 1.674249E-02 1.15E-07 13.7 -0.119 0.190
0.3851990 1.43E-06 7.4 0.096 1.674269E-02 1.11E-07 13.3 0.000
0.3851957 1.37E-06 7.1 -0.060 0.104 1.674242E-02 1.02E-07 12.2 0.024 0.183
0.3851970 1.47E-06 7.6 -0.052 1.674207E-02 1.18E-07 14.1 -0.370
0.3851954 1.29E-06 6.7 -0.113 0.097 1.674267E-02 1.12E-07 13.4 0.203 0.190
0.3852025 1.25E-06 6.5 0.143 1.674259E-02 1.08E-07 12.9 0.311
0.3851975 1.27E-06 6.6 -0.113 0.099 1.674253E-02 1.08E-07 12.9 -0.203 0.182
0.3852012 1.56E-06 8.1 -0.034 1.674315E-02 1.06E-07 12.7 0.334
0.3852010 1.41E-06 7.3 1.674307E-02 1.12E-07 13.4
0.3851936 1.19E-06 6.2 -0.118 0.094 1.674299E-02 1.09E-07 13.0 0.003 0.188






Ni std SRM 986 1 (6652)
Mundrabilla 1 (6653)
Ni std SRM 986 2 (6654)
Mundrabilla 2 (6654)
Ni std SRM 986 3 (6656)
Mundrabila 3 (6657)
Ni std SRM 986 4 (6658)
Mundrabilla 4 (6659)
Ni std SRM 986 5 (6660)
Ni std SRM 986 7 (6663)
Mundrabilla 6 (6664)
Ni std SRM 986 8 (6665)
Ni std SRM 986 1 (6667)
Mundrabilla 7 (6668)
Ni std SRM 986 2 (6669)
Mundrabilla 8 (6670)
Ni std SRM 986 3 (6671)
Mundrabila 9 (6672)
Ni std SRM 986 4 (6673)
Mundrabilla 10 (6674)
Ni std SRM 986 5 (6675)
Ni std SRM 986 4 (6682)
Mundrabilla 11 (6683)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal processed by Assoc. Prof. Martin Bizzarro (bracketed with NIST SRM 986) 





5.339119E-02 4.09E-07 15.3 1.674305E-02 1.24E-07 14.8
5.339116E-02 4.91E-07 18.4 0.024 0.238 1.674314E-02 1.19E-07 14.2 0.102 0.202
5.339087E-02 3.97E-07 14.9 -0.060 1.674289E-02 1.15E-07 13.7 -0.096
5.339135E-02 4.50E-07 16.9 0.052 0.230 1.674338E-02 1.23E-07 14.7 0.248 0.202
5.339127E-02 4.38E-07 16.4 0.075 1.674304E-02 1.18E-07 14.1 0.090
5.339170E-02 4.23E-07 15.8 0.168 0.230 1.674237E-02 1.21E-07 14.5 -0.472 0.206
5.339034E-02 4.51E-07 16.9 -0.174 1.674328E-02 1.28E-07 15.3 0.143
5.339134E-02 4.62E-07 17.3 0.230 0.243 1.674331E-02 1.28E-07 15.3 -0.003 0.213
5.338988E-02 4.60E-07 17.2 -0.086 1.674335E-02 1.21E-07 14.5 0.042
5.338924E-02 4.62E-07 17.3 1.674293E-02 1.24E-07 14.8
5.339074E-02 4.14E-07 15.5 0.195 0.232 1.674327E-02 1.30E-07 15.5 0.146 0.213
5.339016E-02 4.61E-07 17.3 0.172 1.674312E-02 1.20E-07 14.3 0.113
5.338893E-02 3.40E-07 12.7 1.674282E-02 1.17E-07 14.0
5.338985E-02 3.37E-07 12.6 0.265 0.186 1.674283E-02 1.27E-07 15.2 0.084 0.208
5.338794E-02 3.91E-07 14.6 -0.185 1.674256E-02 1.22E-07 14.6 -0.155
5.338884E-02 3.75E-07 14.0 0.119 0.204 1.674272E-02 1.12E-07 13.4 0.209 0.204
5.338847E-02 4.02E-07 15.1 0.099 1.674218E-02 1.35E-07 16.1 -0.227
5.338892E-02 3.53E-07 13.2 0.223 0.192 1.674274E-02 1.21E-07 14.5 0.269 0.207
5.338699E-02 3.40E-07 12.7 -0.277 1.674240E-02 1.11E-07 13.3 0.131
5.338834E-02 3.46E-07 13.0 0.221 0.194 1.674272E-02 1.04E-07 12.4 0.021 0.191
5.338733E-02 4.25E-07 15.9 0.064 1.674297E-02 1.31E-07 15.6 0.340
5.338738E-02 3.86E-07 14.5 1.674295E-02 1.15E-07 13.7
5.338940E-02 3.26E-07 12.2 0.233 0.185 1.674334E-02 1.11E-07 13.3 0.221 0.190





Ni std SRM 986 1 (6652)
Mundrabilla 1 (6653)
Ni std SRM 986 2 (6654)
Mundrabilla 2 (6654)
Ni std SRM 986 3 (6656)
Mundrabila 3 (6657)
Ni std SRM 986 4 (6658)
Mundrabilla 4 (6659)
Ni std SRM 986 5 (6660)
Ni std SRM 986 7 (6663)
Mundrabilla 6 (6664)
Ni std SRM 986 8 (6665)
Ni std SRM 986 1 (6667)
Mundrabilla 7 (6668)
Ni std SRM 986 2 (6669)
Mundrabilla 8 (6670)
Ni std SRM 986 3 (6671)
Mundrabila 9 (6672)
Ni std SRM 986 4 (6673)
Mundrabilla 10 (6674)
Ni std SRM 986 5 (6675)
Ni std SRM 986 4 (6682)
Mundrabilla 11 (6683)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Mundrabilla Fe-Ni metal supplied by Assoc. Prof. Martin Bizzarro (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.822535E-02 1.48E-07 0.4077851 2.49E-06
1.822792E-02 1.82E-07 0.181 0.4078216 3.27E-06 0.117
1.822390E-02 1.78E-07 0.4077628 2.92E-06
1.822667E-02 1.68E-07 0.057 0.4077976 3.07E-06 0.023
1.822735E-02 1.72E-07 0.4078139 2.90E-06
1.823181E-02 1.56E-07 0.278 0.4078770 3.11E-06 0.182
1.822614E-02 1.66E-07 0.4077917 2.94E-06
1.822858E-02 1.73E-07 -0.027 0.4078321 3.07E-06 -0.006
1.823202E-02 1.76E-07 0.4078778 3.12E-06
1.823406E-02 1.98E-07 0.4079158 3.19E-06
1.823784E-02 1.73E-07 0.208 0.4079654 2.67E-06 0.122
1.823403E-02 1.94E-07 0.4079155 3.58E-06
1.824756E-02 2.40E-07 0.4081223 3.67E-06
1.825354E-02 1.35E-07 0.255 0.4082089 1.89E-06 0.160
1.825023E-02 1.53E-07 0.4081653 2.35E-06
1.825495E-02 1.41E-07 0.208 0.4082351 2.38E-06 0.128
1.825207E-02 1.62E-07 0.4082002 2.63E-06
1.825901E-02 1.49E-07 0.335 0.4082920 2.23E-06 0.199
1.825373E-02 1.40E-07 0.4082210 2.15E-06
1.825703E-02 1.44E-07 0.180 0.4082684 2.14E-06 0.126
1.825375E-02 1.44E-07 0.4082127 2.60E-06
1.825541E-02 1.60E-07 0.4082362 2.44E-06
1.826059E-02 1.67E-07 0.183 0.4083090 2.27E-06 0.110






Ni std SRM 986 1 (6652)
Mundrabilla 1 (6653)
Ni std SRM 986 2 (6654)
Mundrabilla 2 (6654)
Ni std SRM 986 3 (6656)
Mundrabila 3 (6657)
Ni std SRM 986 4 (6658)
Mundrabilla 4 (6659)
Ni std SRM 986 5 (6660)
Ni std SRM 986 7 (6663)
Mundrabilla 6 (6664)
Ni std SRM 986 8 (6665)
Ni std SRM 986 1 (6667)
Mundrabilla 7 (6668)
Ni std SRM 986 2 (6669)
Mundrabilla 8 (6670)
Ni std SRM 986 3 (6671)
Mundrabila 9 (6672)
Ni std SRM 986 4 (6673)
Mundrabilla 10 (6674)
Ni std SRM 986 5 (6675)
Ni std SRM 986 4 (6682)
Mundrabilla 11 (6683)









K. Andrews  2009 298
Table A3.1 (a) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 15 (6976) 0.3852064 1.85E-06 9.6 5.340022E-02 4.57E-07 17.1
Gibeon T 1 (6977) 0.3851980 2.01E-06 10.4 -0.101 0.146 5.340063E-02 4.68E-07 17.5 0.070 0.250
Ni std SRM 986 16 (6978) 0.3851974 2.07E-06 10.7 -0.234 5.340029E-02 4.92E-07 18.4 0.013
Gibeon T 2 (6979) 0.3851953 1.95E-06 10.1 -0.073 0.143 5.339975E-02 5.12E-07 19.2 -0.036 0.261
Ni std SRM 986 17 (6980) 0.3851988 1.80E-06 9.3 5.339959E-02 4.56E-07 17.1
Ni std SRM 986 18 (6982) 0.3852019 1.73E-06 9.0 0.080 5.339823E-02 4.57E-07 17.1 -0.255
Gibeon T 3 (6983) 0.3852019 1.78E-06 9.2 0.032 0.128 5.339966E-02 4.49E-07 16.8 0.326 0.240
Ni std SRM 986 19 (6984) 0.3851994 1.66E-06 8.6 -0.065 5.339761E-02 4.60E-07 17.2 -0.116
Ni std SRM 986 5 (6985) 0.3851983 1.83E-06 9.5 5.339797E-02 4.50E-07 16.9
Gibeon T 4 (6986) 0.3851917 2.18E-06 11.3 -0.132 0.148 5.339949E-02 5.56E-07 20.8 0.238 0.270
Ni std SRM 986 5 (6987) 0.3851953 1.85E-06 9.6 -0.078 5.339847E-02 4.66E-07 17.5 0.094
Gibeon T 5 (6988) 0.3851919 1.68E-06 8.7 -0.141 0.129 5.339920E-02 4.75E-07 17.8 0.097 0.243
Ni std SRM 986 7 (6989) 0.3851994 1.81E-06 9.4 0.106 5.339889E-02 4.20E-07 15.7 0.079
Gibeon T 7 (6990) 0.3851933 1.90E-06 9.9 -0.131 0.136 5.339912E-02 4.52E-07 16.9 0.087 0.237
Ni std SRM 986 8 (6991) 0.3851973 1.82E-06 9.4 -0.055 5.339842E-02 4.64E-07 17.4 -0.088
Gibeon T 7 (6992) 0.3851972 1.74E-06 9.0 0.000 0.132 5.339931E-02 4.27E-07 16.0 0.199 0.240
Ni std SRM 986 9 (6993) 0.3851971 1.89E-06 9.8 -0.005 5.339808E-02 4.93E-07 18.5 -0.064
Ni std SRM 986 1 (6994) 0.3852012 1.79E-06 9.3 5.339711E-02 4.57E-07 17.1
Gibeon T 8 (6995) 0.3851909 2.05E-06 10.6 -0.192 0.141 5.339777E-02 5.17E-07 19.4 0.070 0.256
Ni std SRM 986 2 (6996) 0.3851954 1.79E-06 9.3 -0.151 5.339768E-02 4.37E-07 16.4 0.107
Gibeon T 9 (6997) 0.3851896 2.17E-06 11.3 -0.192 0.148 5.339805E-02 5.04E-07 18.9 0.062 0.252
Ni std SRM 986 3 (6998) 0.3851986 1.88E-06 9.8 0.083 5.339776E-02 4.58E-07 17.2 0.015
Gibeon T 10 (6999) 0.3851920 2.16E-06 11.2 -0.135 0.148 5.339782E-02 5.64E-07 21.1 0.104 0.268
Ni std SRM 986 4 (7000) 0.3851958 1.81E-06 9.4 -0.073 5.339677E-02 4.20E-07 15.7 -0.185
mean (TEVA) -0.107 0.122
2 sd 0.149 0.207
2 se 0.047 0.066
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST 
SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851621 1.50E-06 7.8 1.674144E-02 1.08E-07 12.9
0.3851531 1.43E-06 7.4 -0.092 0.115 1.674134E-02 1.11E-07 13.3 -0.054 0.189
0.3851512 1.84E-06 9.6 -0.283 1.674142E-02 1.17E-07 14.0 -0.012
0.3851520 1.50E-06 7.8 -0.069 0.116 1.674155E-02 1.21E-07 14.5 0.027 0.197
0.3851581 1.47E-06 7.6 1.674159E-02 1.08E-07 12.9
0.3851630 1.46E-06 7.6 0.127 1.674191E-02 1.08E-07 12.9 0.191
0.3851576 1.33E-06 6.9 -0.161 0.100 1.674157E-02 1.06E-07 12.7 -0.248 0.181
0.3851646 1.31E-06 6.8 0.042 1.674206E-02 1.09E-07 13.0 0.090
0.3851620 1.44E-06 7.5 1.674197E-02 1.07E-07 12.8
0.3851522 1.36E-06 7.1 -0.165 0.101 1.674161E-02 1.32E-07 15.8 -0.179 0.204
0.3851551 1.36E-06 7.1 -0.179 1.674185E-02 1.10E-07 13.1 -0.072
0.3851520 1.28E-06 6.6 -0.157 0.094 1.674168E-02 1.13E-07 13.5 -0.072 0.184
0.3851610 1.19E-06 6.2 0.153 1.674175E-02 9.96E-08 11.9 -0.060
0.3851549 1.28E-06 6.6 -0.160 0.091 1.674170E-02 1.07E-07 12.8 -0.063 0.179
0.3851611 1.22E-06 6.3 0.003 1.674186E-02 1.10E-07 13.1 0.066
0.3851530 1.46E-06 7.6 -0.197 0.100 1.674165E-02 1.01E-07 12.1 -0.152 0.182
0.3851601 1.31E-06 6.8 -0.026 1.674195E-02 1.17E-07 14.0 0.054
0.3851685 1.62E-06 8.4 1.674217E-02 1.08E-07 12.9
0.3851561 1.74E-06 9.0 -0.210 0.125 1.674202E-02 1.23E-07 14.7 -0.051 0.194
0.3851599 1.72E-06 8.9 -0.223 1.674204E-02 1.04E-07 12.4 -0.078
0.3851526 1.73E-06 9.0 -0.226 0.126 1.674195E-02 1.19E-07 14.2 -0.048 0.191
0.3851627 1.70E-06 8.8 0.073 1.674202E-02 1.09E-07 13.0 -0.012
0.3851540 1.81E-06 9.4 -0.252 0.130 1.674201E-02 1.34E-07 16.0 -0.078 0.203







Ni std SRM 986 15 (6976)
Gibeon T 1 (6977)
Ni std SRM 986 16 (6978)
Gibeon T 2 (6979)
Ni std SRM 986 17 (6980)
Ni std SRM 986 18 (6982)
Gibeon T 3 (6983)
Ni std SRM 986 19 (6984)
Ni std SRM 986 5 (6985)
Gibeon T 4 (6986)
Ni std SRM 986 5 (6987)
Gibeon T 5 (6988)
Ni std SRM 986 7 (6989)
Gibeon T 7 (6990)
Ni std SRM 986 8 (6991)
Gibeon T 7 (6992)
Ni std SRM 986 9 (6993)
Ni std SRM 986 1 (6994)
Gibeon T 8 (6995)
Ni std SRM 986 2 (6996)
Gibeon T 9 (6997)
Ni std SRM 986 3 (6998)
Gibeon T 10 (6999)
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Table A3.1 (a) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 
986) 
APPENDIX 3: MC-ICPMS data
5.339800E-02 4.09E-07 15.3 1.674377E-02 1.20E-07 14.3
5.340045E-02 3.90E-07 14.6 0.181 0.225 1.674432E-02 1.30E-07 15.5 0.155 0.217
5.340097E-02 5.03E-07 18.8 0.556 1.674435E-02 1.34E-07 16.0 0.346
5.340076E-02 4.11E-07 15.4 0.137 0.230 1.674449E-02 1.26E-07 15.0 0.110 0.213
5.339909E-02 4.01E-07 15.0 1.674426E-02 1.17E-07 14.0
5.339776E-02 4.00E-07 15.0 -0.562 1.674406E-02 1.12E-07 13.4 -0.119
5.339923E-02 3.62E-07 13.6 0.317 0.196 1.674406E-02 1.15E-07 13.7 -0.048 0.190
5.339731E-02 3.57E-07 13.4 -0.084 1.674422E-02 1.07E-07 12.8 0.096
5.339804E-02 3.92E-07 14.7 1.674430E-02 1.18E-07 14.1
5.340070E-02 3.72E-07 13.9 0.390 0.200 1.674472E-02 1.41E-07 16.8 0.194 0.220
5.339992E-02 3.72E-07 13.9 0.352 1.674449E-02 1.20E-07 14.3 0.113
5.340075E-02 3.48E-07 13.0 0.308 0.185 1.674471E-02 1.09E-07 13.0 0.212 0.192
5.339829E-02 3.24E-07 12.1 -0.305 1.674422E-02 1.17E-07 14.0 -0.161
5.339997E-02 3.50E-07 13.1 0.315 0.180 1.674462E-02 1.23E-07 14.7 0.197 0.203
5.339829E-02 3.33E-07 12.5 0.000 1.674436E-02 1.18E-07 14.1 0.084
5.340050E-02 3.97E-07 14.9 0.390 0.197 1.674437E-02 1.13E-07 13.5 0.003 0.197
5.339854E-02 3.58E-07 13.4 0.047 1.674437E-02 1.22E-07 14.6 0.006
5.339626E-02 4.43E-07 16.6 1.674409E-02 1.17E-07 14.0
5.339964E-02 4.76E-07 17.8 0.415 0.247 1.674477E-02 1.33E-07 15.9 0.290 0.211
5.339859E-02 4.69E-07 17.6 0.436 1.674448E-02 1.16E-07 13.9 0.233
5.340061E-02 4.71E-07 17.6 0.449 0.248 1.674486E-02 1.40E-07 16.7 0.287 0.219
5.339783E-02 4.65E-07 17.4 -0.142 1.674428E-02 1.21E-07 14.5 -0.119
5.340021E-02 4.95E-07 18.5 0.497 0.256 1.674470E-02 1.40E-07 16.7 0.200 0.219







Ni std SRM 986 15 (6976)
Gibeon T 1 (6977)
Ni std SRM 986 16 (6978)
Gibeon T 2 (6979)
Ni std SRM 986 17 (6980)
Ni std SRM 986 18 (6982)
Gibeon T 3 (6983)
Ni std SRM 986 19 (6984)
Ni std SRM 986 5 (6985)
Gibeon T 4 (6986)
Ni std SRM 986 5 (6987)
Gibeon T 5 (6988)
Ni std SRM 986 7 (6989)
Gibeon T 7 (6990)
Ni std SRM 986 8 (6991)
Gibeon T 7 (6992)
Ni std SRM 986 9 (6993)
Ni std SRM 986 1 (6994)
Gibeon T 8 (6995)
Ni std SRM 986 2 (6996)
Gibeon T 9 (6997)
Ni std SRM 986 3 (6998)
Gibeon T 10 (6999)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.827791E-02 3.09E-07 0.4085584 4.57E-06
1.828227E-02 2.19E-07 0.040 0.4086228 3.56E-06 0.035
1.828517E-02 2.17E-07 0.4086589 3.60E-06
1.828781E-02 2.45E-07 0.145 0.4087007 3.71E-06 0.093
1.828514E-02 2.50E-07 0.4086663 3.90E-06
1.828508E-02 3.10E-07 0.4086634 4.87E-06
1.829795E-02 2.11E-07 0.469 0.4088558 3.43E-06 0.313
1.829366E-02 2.42E-07 0.4087924 3.59E-06
1.827647E-02 2.42E-07 0.4085327 3.57E-06
1.828817E-02 2.92E-07 0.260 0.4086997 4.23E-06 0.159
1.829035E-02 3.10E-07 0.4087371 4.63E-06
1.828559E-02 1.98E-07 -0.029 0.4086577 2.81E-06 -0.045
1.828189E-02 1.98E-07 0.4086147 2.93E-06
1.828975E-02 2.64E-07 0.450 0.4087252 3.98E-06 0.286
1.828117E-02 2.04E-07 0.4086020 3.15E-06
1.828930E-02 2.22E-07 0.280 0.4087202 3.45E-06 0.179
1.828718E-02 2.22E-07 0.4086922 3.16E-06
1.828743E-02 2.47E-07 0.4086965 3.91E-06
1.829948E-02 2.18E-07 0.299 0.4088686 3.71E-06 0.184
1.830060E-02 3.70E-07 0.4088899 5.85E-06
1.829932E-02 2.55E-07 0.087 0.4088678 4.26E-06 0.048
1.829487E-02 3.37E-07 0.4088066 5.60E-06
1.830201E-02 2.46E-07 0.456 0.4089076 3.92E-06 0.292







Ni std SRM 986 15 (6976)
Gibeon T 1 (6977)
Ni std SRM 986 16 (6978)
Gibeon T 2 (6979)
Ni std SRM 986 17 (6980)
Ni std SRM 986 18 (6982)
Gibeon T 3 (6983)
Ni std SRM 986 19 (6984)
Ni std SRM 986 5 (6985)
Gibeon T 4 (6986)
Ni std SRM 986 5 (6987)
Gibeon T 5 (6988)
Ni std SRM 986 7 (6989)
Gibeon T 7 (6990)
Ni std SRM 986 8 (6991)
Gibeon T 7 (6992)
Ni std SRM 986 9 (6993)
Ni std SRM 986 1 (6994)
Gibeon T 8 (6995)
Ni std SRM 986 2 (6996)
Gibeon T 9 (6997)
Ni std SRM 986 3 (6998)
Gibeon T 10 (6999)
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Table A3.1 (b) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 18  08
Ni std SRM 986 1 (7069)
Gibeon A 1 (7070)
Ni std SRM 986 2 (7071)
Gibeon A 2 (7072)
Ni std SRM 986 3 (7073)
Gibeon A  3 (7074)
Ni std SRM 986 4 (7075)
Gibeon A 4 (7076)
Ni std SRM 986 5 (7077)
Ni std SRM 986 6 (7078)
Gibeon A 5 (7079)
Ni std SRM 986 7 (7080)
Gibeon A 6 (7081)
Ni std SRM 986 8 (7082)
Gibeon A 7 (7083)
Ni std SRM 986 9 (7083)
Gibeon A 8 (7085)





0.3852240 2.01E-06 10.4 5.339137E-02 4.95E-07 18.5
0.3852126 1.89E-06 9.8 -0.341 0.139 5.339127E-02 5.05E-07 18.9 -0.112 0.256
0.3852275 1.79E-06 9.3 0.091 5.339237E-02 4.24E-07 15.9 0.187
0.3852126 1.74E-06 9.0 -0.358 0.132 5.338978E-02 4.50E-07 16.9 -0.397 0.230
0.3852253 1.91E-06 9.9 -0.057 5.339143E-02 4.13E-07 15.5 -0.176
0.3852152 1.94E-06 10.1 -0.226 0.140 5.339154E-02 4.52E-07 16.9 0.022 0.232
0.3852225 1.82E-06 9.4 -0.073 5.339141E-02 4.30E-07 16.1 -0.004
0.3852156 1.78E-06 9.2 -0.205 0.129 5.339129E-02 4.58E-07 17.2 -0.029 0.236
0.3852245 1.62E-06 8.4 0.052 5.339148E-02 4.32E-07 16.2 0.013
0.3852257 1.78E-06 9.2 5.339178E-02 4.67E-07 17.5
0.3852186 1.62E-06 8.4 -0.144 0.123 5.338951E-02 4.44E-07 16.6 -0.264 0.234
0.3852226 1.70E-06 8.8 -0.080 5.339006E-02 4.10E-07 15.4 -0.322
0.3852196 1.65E-06 8.6 -0.052 0.125 5.338957E-02 4.21E-07 15.8 -0.151 0.223
0.3852206 1.80E-06 9.3 -0.052 5.339069E-02 4.30E-07 16.1 0.118
0.3852185 1.98E-06 10.3 -0.180 0.141 5.338994E-02 4.51E-07 16.9 -0.224 0.234
0.3852303 1.90E-06 9.9 0.252 5.339158E-02 4.36E-07 16.3 0.167
0.3852287 1.67E-06 8.7 -0.113 0.129 5.339123E-02 4.13E-07 15.5 -0.212 0.226
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Table A3.1 (b) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through  Anion AG 1X4 column chemistry (bracketed with NIST 
SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
62Ni/58Ni normalised data
APPENDIX 3: MC-ICPMS data
0.3852130 1.62E-06 8.4 1.674354E-02 1.17E-07 14.0
0.3852026 1.50E-06 7.8 -0.253 0.107 1.674356E-02 1.20E-07 14.3 0.084 0.194
0.3852117 1.14E-06 5.9 -0.034 1.674330E-02 1.01E-07 12.1 -0.143
0.3852042 1.30E-06 6.7 -0.213 0.097 1.674392E-02 1.07E-07 12.8 0.305 0.174
0.3852131 1.52E-06 7.9 0.036 1.674352E-02 9.79E-08 11.7 0.131
0.3852046 1.53E-06 7.9 -0.226 0.104 1.674350E-02 1.07E-07 12.8 -0.015 0.175
0.3852135 1.02E-06 5.3 0.010 1.674353E-02 1.02E-07 12.2 0.006
0.3852048 1.56E-06 8.1 -0.210 0.101 1.674356E-02 1.09E-07 13.0 0.024 0.178
0.3852123 1.30E-06 6.7 -0.031 1.674351E-02 1.02E-07 12.2 -0.012
0.3852115 1.34E-06 7.0 1.674344E-02 1.11E-07 13.3
0.3852118 1.34E-06 7.0 -0.035 0.097 1.674398E-02 1.05E-07 12.5 0.200 0.177
0.3852148 1.25E-06 6.5 0.086 1.674385E-02 9.72E-08 11.6 0.245
0.3852137 1.32E-06 6.9 -0.004 0.095 1.674296E-02 9.99E-08 11.9 -0.487 0.169
0.3852129 1.30E-06 6.7 -0.049 1.674370E-02 1.02E-07 12.2 -0.090
0.3852127 1.36E-06 7.1 -0.039 0.099 1.674388E-02 1.07E-07 12.8 0.170 0.177
0.3852155 1.38E-06 7.2 0.067 1.674349E-02 1.03E-07 12.3 -0.125
0.3852186 1.27E-06 6.6 0.055 0.098 1.674357E-02 9.81E-08 11.7 0.158 0.170






April 18  08
Ni std SRM 986 1 (7069)
Gibeon A 1 (7070)
Ni std SRM 986 2 (7071)
Gibeon A 2 (7072)
Ni std SRM 986 3 (7073)
Gibeon A  3 (7074)
Ni std SRM 986 4 (7075)
Gibeon A 4 (7076)
Ni std SRM 986 5 (7077)
Ni std SRM 986 6 (7078)
Gibeon A 5 (7079)
Ni std SRM 986 7 (7080)
Gibeon A 6 (7081)
Ni std SRM 986 8 (7082)
Gibeon A 7 (7083)
Ni std SRM 986 9 (7083)
Gibeon A 8 (7085)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (b) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
5.338411E-02 4.41E-07 16.5 1.674263E-02 1.30E-07 15.5
5.338696E-02 4.08E-07 15.3 0.500 0.218 1.674337E-02 1.22E-07 14.6 0.511 0.207
5.338447E-02 3.85E-07 14.4 0.067 1.674240E-02 1.16E-07 13.9 -0.137
5.338651E-02 3.56E-07 13.3 0.419 0.201 1.674337E-02 1.13E-07 13.5 0.535 0.197
5.338408E-02 4.14E-07 15.5 -0.073 1.674255E-02 1.23E-07 14.7 0.090
5.338641E-02 4.17E-07 15.6 0.445 0.217 1.674320E-02 1.25E-07 14.9 0.334 0.207
5.338399E-02 3.88E-07 14.5 -0.017 1.674273E-02 1.18E-07 14.1 0.108
5.338634E-02 4.24E-07 15.9 0.411 0.211 1.674318E-02 1.15E-07 13.7 0.308 0.191
5.338430E-02 3.54E-07 13.3 0.058 1.674260E-02 1.05E-07 12.5 -0.078
5.338451E-02 3.66E-07 13.7 1.674252E-02 1.15E-07 13.7
5.338444E-02 3.65E-07 13.7 0.069 0.191 1.674298E-02 1.05E-07 12.5 0.215 0.184
5.338363E-02 3.42E-07 12.8 -0.165 1.674272E-02 1.10E-07 13.1 0.119
5.338392E-02 3.60E-07 13.5 0.007 0.188 1.674292E-02 1.07E-07 12.8 0.081 0.186
5.338413E-02 3.55E-07 13.3 0.094 1.674285E-02 1.16E-07 13.9 0.078
5.338420E-02 3.70E-07 13.9 0.078 0.195 1.674298E-02 1.28E-07 15.3 0.266 0.209
5.338344E-02 3.78E-07 14.2 -0.129 1.674222E-02 1.23E-07 14.7 -0.376
5.338259E-02 3.47E-07 13.0 -0.109 0.193 1.674233E-02 1.08E-07 12.9 0.170 0.192






April 18  08
Ni std SRM 986 1 (7069)
Gibeon A 1 (7070)
Ni std SRM 986 2 (7071)
Gibeon A 2 (7072)
Ni std SRM 986 3 (7073)
Gibeon A  3 (7074)
Ni std SRM 986 4 (7075)
Gibeon A 4 (7076)
Ni std SRM 986 5 (7077)
Ni std SRM 986 6 (7078)
Gibeon A 5 (7079)
Ni std SRM 986 7 (7080)
Gibeon A 6 (7081)
Ni std SRM 986 8 (7082)
Gibeon A 7 (7083)
Ni std SRM 986 9 (7083)
Gibeon A 8 (7085)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.823459E-02 2.36E-07 0.4079310 3.68E-06
1.822660E-02 1.89E-07 -0.359 0.4078005 2.81E-06 -0.267
1.823170E-02 2.24E-07 0.4078882 3.44E-06
1.823175E-02 1.69E-07 -0.184 0.4078734 2.68E-06 -0.157
1.823850E-02 2.01E-07 0.4079863 3.51E-06
1.823643E-02 1.86E-07 -0.209 0.4079470 3.08E-06 -0.167
1.824200E-02 2.89E-07 0.4080440 4.64E-06
1.823778E-02 2.02E-07 -0.232 0.4079665 3.36E-06 -0.187
1.824202E-02 1.91E-07 0.4080419 3.09E-06
1.824053E-02 2.80E-07 0.4080177 4.16E-06
1.823374E-02 2.24E-07 -0.334 0.4079103 3.30E-06 -0.233
1.823913E-02 2.61E-07 0.4079927 3.98E-06
1.823096E-02 2.13E-07 -0.385 0.4078677 3.37E-06 -0.269
1.823685E-02 2.37E-07 0.4079618 3.74E-06
1.823558E-02 2.00E-07 -0.217 0.4079383 3.06E-06 -0.165
1.824224E-02 1.71E-07 0.4080491 2.98E-06
1.823660E-02 1.84E-07 -0.515 0.4079665 3.16E-06 -0.351






April 18  08
Ni std SRM 986 1 (7069)
Gibeon A 1 (7070)
Ni std SRM 986 2 (7071)
Gibeon A 2 (7072)
Ni std SRM 986 3 (7073)
Gibeon A  3 (7074)
Ni std SRM 986 4 (7075)
Gibeon A 4 (7076)
Ni std SRM 986 5 (7077)
Ni std SRM 986 6 (7078)
Gibeon A 5 (7079)
Ni std SRM 986 7 (7080)
Gibeon A 6 (7081)
Ni std SRM 986 8 (7082)
Gibeon A 7 (7083)
Ni std SRM 986 9 (7083)
Gibeon A 8 (7085)
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Table A3.1 (c) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






April 28  08
Ni std SRM 986 8 (7455) 0.3852056 1.95E-06 10.1 5.338761E-02 5.36E-07 20.1
Gibeon A 1 (7456) 0.3852018 2.07E-06 10.7 -0.167 0.151 5.338659E-02 4.65E-07 17.4 -0.229 0.266
Ni std SRM 986 2 (7457) 0.3852109 2.14E-06 11.1 0.138 5.338802E-02 5.36E-07 20.1 0.077
Gibeon A 2 (7458) 0.3852071 2.18E-06 11.3 0.004 0.158 5.338920E-02 4.76E-07 17.8 0.323 0.263
Ni std SRM 986 2 (7059) 0.3852030 2.11E-06 11.0 -0.205 5.338693E-02 4.99E-07 18.7 -0.204
Ni std SRM 986 6 (7460) 0.3852112 1.86E-06 9.7 5.338811E-02 4.83E-07 18.1
Gibeon A 5 (7461) 0.3852057 1.98E-06 10.3 -0.131 0.141 5.338780E-02 4.70E-07 17.6 -0.052 0.249
Ni std SRM 986 7 (7462) 0.3852103 1.85E-06 9.6 -0.023 5.338805E-02 4.58E-07 17.2 -0.011
Gibeon A 6 (7463) 0.3852053 2.08E-06 10.8 -0.069 0.145 5.338706E-02 5.55E-07 20.8 -0.126 0.276
Ni std SRM 986 8 (7464) 0.3852056 1.85E-06 9.6 -0.122 5.338742E-02 5.06E-07 19.0 -0.118
Gibeon A 7 (7465) 0.3852054 1.96E-06 10.2 -0.035 0.139 5.338685E-02 5.20E-07 19.5 -0.064 0.268
Ni std SRM 986 9 (7466) 0.3852079 1.78E-06 9.2 0.060 5.338696E-02 4.77E-07 17.9 -0.086
Gibeon A 8 (7467) 0.3852008 2.06E-06 10.7 -0.151 0.146 5.338676E-02 6.14E-07 23.0 -0.118 0.294
Ni std SRM 986 10 (7468) 0.3852053 2.02E-06 10.5 -0.067 5.338782E-02 4.97E-07 18.6 0.161
Ni std SRM 986 8 (7474) 0.3852027 1.67E-06 8.7 5.338939E-02 4.40E-07 16.5
Gibeon A 7 (7475) 0.3851947 1.63E-06 8.5 -0.066 0.123 5.339063E-02 4.22E-07 15.8 0.334 0.233
Ni std SRM 986 2 (7476) 0.3851918 1.78E-06 9.2 -0.283 5.338830E-02 4.73E-07 17.7 -0.204
Gibeon A 8 (7477) 0.3851923 1.79E-06 9.3 -0.101 0.132 5.339045E-02 4.17E-07 15.6 0.120 0.236
Ni std SRM 986 2 (7478) 0.3852006 1.83E-06 9.5 0.228 5.339132E-02 4.72E-07 17.7 0.566
mean (DMG) -0.090 0.023
2 sd 0.118 0.425
2 se 0.042 0.150
n 8 8
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3852102 1.43E-06 7.4 1.674443E-02 1.27E-07 15.2
0.3852071 1.42E-06 7.4 -0.079 0.104 1.674467E-02 1.10E-07 13.1 0.173 0.201
0.3852101 1.38E-06 7.2 -0.003 1.674433E-02 1.27E-07 15.2 -0.060
0.3852050 1.70E-06 8.8 -0.095 0.121 1.674405E-02 1.13E-07 13.5 -0.245 0.199
0.3852072 1.76E-06 9.1 -0.075 1.674459E-02 1.18E-07 14.1 0.155
0.3852089 1.31E-06 6.8 1.674431E-02 1.15E-07 13.7
0.3852087 1.56E-06 8.1 -0.030 0.110 1.674438E-02 1.12E-07 13.4 0.039 0.189
0.3852108 1.54E-06 8.0 0.049 1.674432E-02 1.09E-07 13.0 0.006
0.3852099 1.43E-06 7.4 -0.005 0.107 1.674456E-02 1.32E-07 15.8 0.099 0.209
0.3852094 1.41E-06 7.3 -0.036 1.674447E-02 1.20E-07 14.3 0.090
0.3852089 1.46E-06 7.6 -0.034 0.109 1.674461E-02 1.23E-07 14.7 0.051 0.202
0.3852110 1.59E-06 8.3 0.042 1.674458E-02 1.13E-07 13.5 0.066
0.3852049 2.20E-06 11.4 -0.116 0.146 1.674463E-02 1.46E-07 17.4 0.090 0.222
0.3852077 1.91E-06 9.9 -0.086 1.674438E-02 1.18E-07 14.1 -0.119
0.3851989 1.53E-06 7.9 1.674401E-02 1.04E-07 12.4
0.3851863 1.31E-06 6.8 -0.244 0.099 1.674371E-02 1.00E-07 11.9 -0.257 0.176
0.3851925 1.24E-06 6.4 -0.166 1.674427E-02 1.12E-07 13.4 0.155
0.3851865 1.30E-06 6.7 -0.093 0.099 1.674375E-02 9.89E-08 11.8 -0.096 0.178






April 28  08
Ni std SRM 986 8 (7455)
Gibeon A 1 (7456)
Ni std SRM 986 2 (7457)
Gibeon A 2 (7458)
Ni std SRM 986 2 (7059)
Ni std SRM 986 6 (7460)
Gibeon A 5 (7461)
Ni std SRM 986 7 (7462)
Gibeon A 6 (7463)
Ni std SRM 986 8 (7464)
Gibeon A 7 (7465)
Ni std SRM 986 9 (7466)
Gibeon A 8 (7467)
Ni std SRM 986 10 (7468)
Ni std SRM 986 8 (7474)
Gibeon A 7 (7475)
Ni std SRM 986 2 (7476)
Gibeon A 8 (7477)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (c) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 





5.338488E-02 3.91E-07 14.6 1.674382E-02 1.26E-07 15.1
5.338574E-02 3.87E-07 14.5 0.158 0.204 1.674407E-02 1.34E-07 16.0 0.251 0.225
5.338491E-02 3.77E-07 14.1 0.006 1.674348E-02 1.39E-07 16.6 -0.203
5.338631E-02 4.64E-07 17.4 0.188 0.237 1.674372E-02 1.41E-07 16.8 -0.009 0.236
5.338570E-02 4.79E-07 17.9 0.148 1.674399E-02 1.37E-07 16.4 0.305
5.338524E-02 3.56E-07 13.3 1.674346E-02 1.20E-07 14.3
5.338530E-02 4.27E-07 16.0 0.060 0.216 1.674381E-02 1.28E-07 15.3 0.191 0.210
5.338472E-02 4.20E-07 15.7 -0.097 1.674352E-02 1.20E-07 14.3 0.036
5.338496E-02 3.90E-07 14.6 0.009 0.210 1.674384E-02 1.35E-07 16.1 0.102 0.216
5.338510E-02 3.84E-07 14.4 0.071 1.674382E-02 1.20E-07 14.3 0.179
5.338524E-02 3.98E-07 14.9 0.067 0.214 1.674383E-02 1.27E-07 15.2 0.051 0.207
5.338466E-02 4.33E-07 16.2 -0.082 1.674367E-02 1.15E-07 13.7 -0.090
5.338632E-02 6.01E-07 22.5 0.228 0.288 1.674412E-02 1.33E-07 15.9 0.218 0.217
5.338555E-02 5.20E-07 19.5 0.167 1.674384E-02 1.31E-07 15.6 0.102
5.338797E-02 4.17E-07 15.6 1.674401E-02 1.08E-07 12.9
5.339141E-02 3.56E-07 13.3 0.480 0.195 1.674453E-02 1.05E-07 12.5 0.099 0.183
5.338972E-02 3.39E-07 12.7 0.328 1.674472E-02 1.15E-07 13.7 0.424
5.339135E-02 3.53E-07 13.2 0.184 0.194 1.674468E-02 1.16E-07 13.9 0.149 0.196






April 28  08
Ni std SRM 986 8 (7455)
Gibeon A 1 (7456)
Ni std SRM 986 2 (7457)
Gibeon A 2 (7458)
Ni std SRM 986 2 (7059)
Ni std SRM 986 6 (7460)
Gibeon A 5 (7461)
Ni std SRM 986 7 (7462)
Gibeon A 6 (7463)
Ni std SRM 986 8 (7464)
Gibeon A 7 (7465)
Ni std SRM 986 9 (7466)
Gibeon A 8 (7467)
Ni std SRM 986 10 (7468)
Ni std SRM 986 8 (7474)
Gibeon A 7 (7475)
Ni std SRM 986 2 (7476)
Gibeon A 8 (7477)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (1st digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 
986) 
APPENDIX 3: MC-ICPMS data
1.839856E-02 3.33E-07 0.4103718 4.88E-06
1.840526E-02 3.53E-07 0.076 0.4104636 5.23E-06 0.029
1.840917E-02 3.02E-07 0.4105318 4.53E-06
1.841372E-02 2.82E-07 -0.105 0.4105986 4.57E-06 -0.063
1.842214E-02 2.91E-07 0.4107174 4.78E-06
1.840216E-02 3.49E-07 0.4104307 5.31E-06
1.839464E-02 2.13E-08 -0.406 0.4103111 3.47E-06 -0.286
1.840208E-02 3.24E-07 0.4104265 5.03E-06
1.840681E-02 3.47E-07 0.033 0.4104891 4.96E-06 0.005
1.841032E-02 2.91E-07 0.4105480 4.47E-06
1.841166E-02 2.90E-07 -0.122 0.4105604 4.30E-06 -0.104
1.841748E-02 4.25E-07 0.4106578 6.70E-06
1.843740E-02 9.90E-07 0.528 0.4109395 1.41E-06 0.319
1.843787E-02 2.70E-07 0.4109590 4.61E-06
1.830758E-02 2.96E-07 0.4090041 4.39E-06
1.832184E-02 2.00E-07 0.489 0.4092100 2.94E-06 0.323
1.831819E-02 1.79E-07 0.4091515 2.68E-06
1.832294E-02 1.80E-07 0.018 0.4092211 2.87E-06 0.002






April 28  08
Ni std SRM 986 8 (7455)
Gibeon A 1 (7456)
Ni std SRM 986 2 (7457)
Gibeon A 2 (7458)
Ni std SRM 986 2 (7059)
Ni std SRM 986 6 (7460)
Gibeon A 5 (7461)
Ni std SRM 986 7 (7462)
Gibeon A 6 (7463)
Ni std SRM 986 8 (7464)
Gibeon A 7 (7465)
Ni std SRM 986 9 (7466)
Gibeon A 8 (7467)
Ni std SRM 986 10 (7468)
Ni std SRM 986 8 (7474)
Gibeon A 7 (7475)
Ni std SRM 986 2 (7476)
Gibeon A 8 (7477)
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Table A 3.1 (b) MC-ICPMS data for Gibeon (2nd digestion)  Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3851849 1.58E-06 8.2   5.339144E-02 4.14E-07 15.5   
Gibeon Anion 1 0.3851819 1.61E-06 8.4 -0.029 0.123 5.339092E-02 4.37E-07 16.4 0.065 0.229
Ni std SRM 986 0.3851811 1.87E-06 9.7  -0.099 5.338971E-02 4.38E-07 16.4  -0.324
Ni std SRM 986 0.3851811 2.14E-06 11.1   5.339127E-02 4.68E-07 17.5   
Gibeon Anion 3 0.3851773 1.84E-06 9.6 -0.108 0.143 5.339198E-02 4.75E-07 17.8 0.220 0.250
Ni std SRM 986 0.3851818 1.96E-06 10.2  0.018 5.339034E-02 4.70E-07 17.6  -0.174
Gibeon Anion 4 0.3851762 1.90E-06 9.9 -0.179 0.140 5.339091E-02 5.08E-07 19.0 0.080 0.252
Ni std SRM 986 0.3851844 1.88E-06 9.8  0.068 5.339063E-02 4.09E-07 15.3  0.054
Gibeon Anion 5 0.3851773 1.72E-06 8.9 -0.171 0.132 5.339115E-02 4.30E-07 16.1 0.134 0.234
Ni std SRM 986 0.3851834 1.87E-06 9.7  -0.026 5.339024E-02 4.92E-07 18.4  -0.073
Ni std SRM 986 0.3851807 2.01E-06 10.4   5.339224E-02 4.51E-07 16.9   
Gibeon Anion 6 0.3851790 2.13E-06 11.1 -0.082 0.149 5.339068E-02 5.24E-07 19.6 -0.275 0.259
Ni std SRM 986 0.3851836 1.84E-06 9.6  0.075 5.339206E-02 4.54E-07 17.0  -0.034
Gibeon Anion 7 0.3851829 2.05E-06 10.6 -0.084 0.146 5.339112E-02 4.68E-07 17.5 -0.076 0.252
Ni std SRM 986 0.3851887 1.98E-06 10.3  0.132 5.339099E-02 5.13E-07 19.2  -0.200
Gibeon Anion 8 0.3851885 1.83E-06 9.5 -0.010 0.141 5.339105E-02 4.93E-07 18.5 0.090 0.275
Ni std SRM 986 0.3851891 2.02E-06 10.5  0.010 5.339015E-02 5.71E-07 21.4  -0.157
Ni std SRM 986 0.3851826 1.99E-06 10.3   5.339090E-02 4.42E-07 16.6   
Gibeon Anion 9 0.3851825 1.84E-06 9.6 0.010 0.138 5.339040E-02 4.70E-07 17.6 0.119 0.241
Ni std SRM 986 0.3851816 1.84E-06 9.6  -0.026 5.338863E-02 4.37E-07 16.4  -0.425
mean (ANION) -0.082 0.044
2 sd 0.141 0.307
2 se 0.050 0.109
n 8 8
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Table A3.1 (b) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through  Anion AG 1X4 column chemistry (bracketed with NIST
 SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
62Ni/58Ni normalised data
APPENDIX 3: MC-ICPMS data




Ni std SRM 986
Gibeon Anion 1
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 3
Ni std SRM 986
Gibeon Anion 4
Ni std SRM 986
Gibeon Anion 5
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 6
Ni std SRM 986
Gibeon Anion 7
Ni std SRM 986
Gibeon Anion 8
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 9





0.3851732 1.25E-06 6.5   1.674352E-02 9.82E-08 11.7   
0.3851720 1.28E-06 6.6 -0.029 0.096 1.674364E-02 1.04E-07 12.4 -0.051 0.173
0.3851730 1.41E-06 7.3  -0.005 1.674393E-02 1.04E-07 12.4  0.245
0.3851693 1.80E-06 9.3   1.674356E-02 1.11E-07 13.3   
0.3851659 1.50E-06 7.8 -0.180 0.119 1.674339E-02 1.13E-07 13.5 -0.167 0.189
0.3851764 1.67E-06 8.7  0.184 1.674378E-02 1.11E-07 13.3  0.131
0.3851673 1.45E-06 7.5 -0.196 0.109 1.674365E-02 1.21E-07 14.5 -0.057 0.191
0.3851733 1.35E-06 7.0  -0.080 1.674371E-02 9.70E-08 11.6  -0.042
0.3851665 1.34E-06 7.0 -0.182 0.098 1.674359E-02 1.02E-07 12.2 -0.099 0.177
0.3851737 1.32E-06 6.9  0.010 1.674380E-02 1.17E-07 14.0  0.054
0.3851671 1.60E-06 8.3   1.674333E-02 1.07E-07 12.8   
0.3851705 1.74E-06 9.0 0.055 0.122 1.674370E-02 1.24E-07 14.8 0.209 0.196
0.3851697 1.55E-06 8.0  0.068 1.674337E-02 1.08E-07 12.9  0.024
0.3851718 1.82E-06 9.5 -0.074 0.134 1.674360E-02 1.11E-07 13.3 0.060 0.191
0.3851796 2.09E-06 10.9  0.257 1.674363E-02 1.22E-07 14.6  0.155
0.3851771 1.62E-06 8.4 -0.083 0.131 1.674361E-02 1.17E-07 14.0 -0.072 0.208
0.3851810 1.75E-06 9.1  0.036 1.674383E-02 1.35E-07 16.1  0.119
0.3851710 1.44E-06 7.5   1.674365E-02 1.05E-07 12.5   
0.3851728 1.41E-06 7.3 -0.084 0.106 1.674377E-02 1.12E-07 13.4 -0.090 0.183
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data




5.339499E-02 3.41E-07 12.8   1.674516E-02 1.02E-07 12.2   
5.339529E-02 3.49E-07 13.1 0.052 0.189 1.674535E-02 1.04E-07 12.4 0.042 0.182
5.339504E-02 3.86E-07 14.5  0.009 1.674540E-02 1.21E-07 14.5  0.143
5.339603E-02 4.90E-07 18.4   1.674541E-02 1.39E-07 16.6   
5.339697E-02 4.09E-07 15.3 0.358 0.234 1.674565E-02 1.19E-07 14.2 0.158 0.213
5.339409E-02 4.55E-07 17.0  -0.363 1.674536E-02 1.27E-07 15.2  -0.030
5.339660E-02 3.95E-07 14.8 0.390 0.215 1.674573E-02 1.23E-07 14.7 0.272 0.209
5.339495E-02 3.70E-07 13.9  0.161 1.674519E-02 1.22E-07 14.6  -0.102
5.339679E-02 3.66E-07 13.7 0.354 0.194 1.674566E-02 1.11E-07 13.3 0.260 0.197
5.339485E-02 3.61E-07 13.5  -0.019 1.674526E-02 1.21E-07 14.5  0.042
5.339665E-02 4.38E-07 16.4   1.674543E-02 1.30E-07 15.5   
5.339572E-02 4.75E-07 17.8 -0.108 0.240 1.674554E-02 1.38E-07 16.5 0.119 0.222
5.339594E-02 4.24E-07 15.9  -0.133 1.674525E-02 1.19E-07 14.2  -0.107
5.339537E-02 4.97E-07 18.6 0.147 0.265 1.674529E-02 1.32E-07 15.8 0.125 0.216
5.339323E-02 5.69E-07 21.3  -0.508 1.674491E-02 1.28E-07 15.3  -0.203
5.339390E-02 4.42E-07 16.6 0.162 0.257 1.674493E-02 1.18E-07 14.1 0.024 0.211
5.339284E-02 4.78E-07 17.9  -0.073 1.674487E-02 1.34E-07 16.0  -0.024
5.339556E-02 3.93E-07 14.7   1.674531E-02 1.29E-07 15.4   
5.339509E-02 3.83E-07 14.3 0.169 0.208 1.674532E-02 1.19E-07 14.2 -0.012 0.205





Ni std SRM 986
Gibeon Anion 1
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 3
Ni std SRM 986
Gibeon Anion 4
Ni std SRM 986
Gibeon Anion 5
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 6
Ni std SRM 986
Gibeon Anion 7
Ni std SRM 986
Gibeon Anion 8
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 9
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION
Ni std SRM 986
Gibeon Anion 1
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 3
Ni std SRM 986
Gibeon Anion 4
Ni std SRM 986
Gibeon Anion 5
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 6
Ni std SRM 986
Gibeon Anion 7
Ni std SRM 986
Gibeon Anion 8
Ni std SRM 986
Ni std SRM 986
Gibeon Anion 9





1.820540E-02 1.98E-07  0.4074476 2.94E-06  
1.821071E-02 2.11E-07 0.271 0.4075245 3.27E-06 0.179
1.820615E-02 1.81E-07  0.4074556 3.04E-06  
1.821115E-02 2.15E-07  0.4075272 3.87E-06  
1.821825E-02 1.92E-07 0.507 0.4076385 3.10E-06 0.347
1.820689E-02 2.48E-07  0.4074672 4.08E-06  
1.821797E-02 2.09E-07 0.607 0.4076268 3.36E-06 0.392
1.820694E-02 1.74E-07  0.4074667 2.91E-06  
1.821808E-02 2.38E-07 0.620 0.4076312 3.95E-06 0.406
1.820666E-02 1.62E-07  0.4074646 2.65E-06  
1.821583E-02 2.14E-07  0.4075984 3.89E-06  
1.821071E-02 2.21E-07 -0.061 0.4075245 3.35E-06 -0.044
1.820780E-02 1.97E-07  0.4074864 3.43E-06  
1.820813E-02 2.00E-07 0.337 0.4074871 3.64E-06 0.212
1.819621E-02 2.29E-07  0.4073154 4.05E-06  
1.820591E-02 2.36E-07 0.490 0.4074604 3.79E-06 0.323
1.819779E-02 2.88E-07  0.4073426 4.31E-06  
1.821084E-02 2.01E-07  0.4075242 3.38E-06  
1.821020E-02 2.05E-07 0.216 0.4075187 3.44E-06 0.149
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Table A3.1 (c) MC-ICPMS data for Gibeon Fe-Ni metal (2nd digestion) processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std SRM 986 0.3851873 2.23E-06 11.6   5.340029E-02 6.65E-07 24.9
Gibeon DMG 1 0.3851653 2.42E-06 12.6 -0.345 0.171 5.339764E-02 5.50E-07 20.6 -0.148 0.312
Ni std SRM 986 0.3851699 2.25E-06 11.7  -0.452 5.339657E-02 5.85E-07 21.9 -0.697
Ni std SRM 986 0.3851892 2.26E-06 11.7 5.339828E-02 4.78E-07 17.9   
Gibeon DMG 2 0.3851848 1.93E-06 10.0 -0.103 0.151 5.339474E-02 4.81E-07 18.0 -0.491 0.258
Ni std SRM 986 0.3851883 2.10E-06 10.9  -0.023 5.339644E-02 5.06E-07 19.0  -0.345
Ni std SRM 986 0.3851839 1.77E-06 9.2   5.339379E-02 4.30E-07 16.1   
Gibeon DMG 3 0.3851843 2.02E-06 10.5 -0.069 0.140 5.339295E-02 4.54E-07 17.0 -0.303 0.226
Ni std SRM 986 0.3851900 1.82E-06 9.4  0.158 5.339535E-02 3.64E-07 13.6  0.292
Gibeon DMG 4 0.3851865 1.80E-06 9.3 -0.010 0.134 5.339275E-02 4.23E-07 15.8 -0.339 0.220
Ni std SRM 986 0.3851838 1.88E-06 9.8  -0.161 5.339377E-02 4.46E-07 16.7  -0.296
Gibeon DMG 5 0.3851819 1.95E-06 10.1 -0.039 0.142 5.339224E-02 4.22E-07 15.8 -0.292 0.235
Ni std SRM 986 0.3851830 1.94E-06 10.1  -0.021 5.339383E-02 4.79E-07 17.9  0.011
Gibeon DMG 6 0.3851785 1.65E-06 8.6 -0.104 0.130 5.339102E-02 4.44E-07 16.6 -0.452 0.240
Ni std SRM 986 0.3851820 1.83E-06 9.5  -0.026 5.339304E-02 4.45E-07 16.7  -0.148
Ni std SRM 986 0.3851875 1.78E-06 9.2   5.339271E-02 4.21E-07 15.8   
Gibeon DMG 7 0.3851825 1.84E-06 9.6 -0.074 0.133 5.339281E-02 4.42E-07 16.6 0.138 0.232
Ni std SRM 986 0.3851832 1.76E-06 9.1  -0.112 5.339144E-02 4.48E-07 16.8  -0.238
Gibeon DMG 8 0.3851855 1.90E-06 9.9 0.065 0.136 5.339265E-02 4.58E-07 17.2 0.175 0.238
Ni std SRM 986 0.3851828 1.83E-06 9.5  -0.010 5.339199E-02 4.32E-07 16.2  0.103
Gibeon DMG 9 0.3851835 1.97E-06 10.2 0.005 0.139 5.339258E-02 4.58E-07 17.2 0.095 0.237
Ni std SRM 986 0.3851838 1.77E-06 9.2  0.026 5.339216E-02 4.43E-07 16.6  0.032
Gibeon DMG 10 0.3851831 1.93E-06 10.0 -0.040 0.144 5.339200E-02 4.60E-07 17.2 -0.014 0.246
Ni std SRM 986 0.3851855 2.18E-06 11.3  0.044 5.339199E-02 4.94E-07 18.5  -0.032
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Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





Ni std SRM 986 0.3851783 1.96E-06 10.2   5.339288E-02 5.19E-07 19.4   
Gibeon DMG 11 0.3851797 2.15E-06 11.2 0.032 0.155 5.339391E-02 5.09E-07 19.1 0.321 0.271
Ni std SRM 986 0.3851786 2.17E-06 11.3  0.008 5.339151E-02 5.12E-07 19.2  -0.257
Gibeon DMG 12 0.3851793 2.26E-06 11.7 -0.044 0.161 5.339238E-02 5.12E-07 19.2 0.214 0.268
Ni std SRM 986 0.3851834 2.09E-06 10.9  0.125 5.339096E-02 4.88E-07 18.3  -0.103
mean (DMG with out anion) -0.060 -0.091
2 sd 0.207 0.562
2 se 0.060 0.162
n 12 12
K. Andrews  2009 316
62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851428 1.96E-06 10.2   1.674142E-02 1.58E-07 18.9   
0.3851324 1.82E-06 9.5 -0.216 0.131 1.674205E-02 1.30E-07 15.5 0.113 0.236
0.3851386 1.52E-06 7.9  -0.109 1.674230E-02 1.39E-07 16.6  0.526
0.3851518 1.87E-06 9.7   1.674190E-02 1.13E-07 13.5   
0.3851573 1.51E-06 7.8 0.049 0.130 1.674274E-02 1.14E-07 13.6 0.370 0.195
0.3851590 2.13E-06 11.1  0.187 1.674234E-02 1.20E-07 14.3  0.263
0.3851642 1.53E-06 7.9   1.674296E-02 1.02E-07 12.2   
0.3851667 1.49E-06 7.7 0.070 0.113 1.674316E-02 1.08E-07 12.9 0.230 0.171
0.3851638 1.66E-06 8.6  -0.010 1.674259E-02 8.64E-08 10.3  -0.221
0.3851688 1.49E-06 7.7 0.144 0.114 1.674321E-02 1.00E-07 11.9 0.257 0.166
0.3851627 1.58E-06 8.2  -0.029 1.674297E-02 1.06E-07 12.7  0.227
0.3851661 1.46E-06 7.6 0.100 0.112 1.674333E-02 1.00E-07 11.9 0.221 0.178
0.3851618 1.62E-06 8.4  -0.023 1.674295E-02 1.14E-07 13.6  -0.012
0.3851684 1.30E-06 6.8 0.148 0.106 1.674362E-02 1.05E-07 12.5 0.343 0.182
0.3851636 1.54E-06 8.0  0.047 1.674314E-02 1.06E-07 12.7  0.113
0.3851722 1.30E-06 6.8   1.674322E-02 9.99E-08 11.9   
0.3851660 1.46E-06 7.6 -0.161 0.107 1.674320E-02 1.05E-07 12.5 -0.102 0.176
0.3851722 1.57E-06 8.2  0.000 1.674352E-02 1.06E-07 12.7  0.179
0.3851676 1.60E-06 8.3 -0.073 0.114 1.674323E-02 1.09E-07 13.0 -0.134 0.180
0.3851686 1.43E-06 7.4  -0.093 1.674339E-02 1.02E-07 12.2  -0.078
0.3851689 1.93E-06 10.0 -0.014 0.126 1.674325E-02 1.09E-07 13.0 -0.072 0.180
0.3851703 1.49E-06 7.7  0.044 1.674335E-02 1.05E-07 12.5  -0.024
0.3851698 1.66E-06 8.6 -0.008 0.124 1.674339E-02 1.09E-07 13.0 0.012 0.186
0.3851699 1.94E-06 10.1  -0.010 1.674339E-02 1.17E-07 14.0  0.024
Ni std SRM 986
Gibeon DMG 1
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 2
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 3
Ni std SRM 986
Gibeon DMG 4
Ni std SRM 986
Gibeon DMG 5
Ni std SRM 986
Gibeon DMG 6
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 7
Ni std SRM 986
Gibeon DMG 8
Ni std SRM 986
Gibeon DMG 9
Ni std SRM 986
Gibeon DMG 10
Ni std SRM 986
± 2 se
ppm
K. Andrews  2009 317
62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851602 1.73E-06 9.0   1.674318E-02 1.23E-07 14.7   
0.3851584 1.86E-06 9.7 -0.138 0.140 1.674293E-02 1.21E-07 14.5 -0.245 0.205
0.3851672 2.16E-06 11.2  0.182 1.674350E-02 1.21E-07 14.5  0.191
0.3851660 2.09E-06 10.9 -0.122 0.156 1.674330E-02 1.22E-07 14.6 -0.158 0.203





Ni std SRM 986
Gibeon DMG 11
Ni std SRM 986
Gibeon DMG 12
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






5.340328E-02 5.35E-07 20.0   1.674501E-02 1.44E-07 17.2   
5.340612E-02 4.98E-07 18.6 0.426 0.259 1.674643E-02 1.56E-07 18.6 0.514 0.254
5.340441E-02 4.15E-07 15.5  0.212 1.674613E-02 1.45E-07 17.3  0.669
5.340082E-02 5.10E-07 19.1   1.674488E-02 1.46E-07 17.4   
5.339932E-02 4.13E-07 15.5 -0.097 0.257 1.674517E-02 1.25E-07 14.9 0.155 0.225
5.339886E-02 5.82E-07 21.8  -0.367 1.674494E-02 1.36E-07 16.2  0.036
5.339744E-02 4.17E-07 15.6   1.674523E-02 1.15E-07 13.7   
5.339675E-02 4.07E-07 15.2 -0.139 0.223 1.674520E-02 1.31E-07 15.6 0.102 0.209
5.339754E-02 4.53E-07 17.0  0.019 1.674483E-02 1.18E-07 14.1  -0.239
5.339617E-02 4.08E-07 15.3 -0.285 0.225 1.674506E-02 1.17E-07 14.0 0.018 0.200
5.339784E-02 4.32E-07 16.2  0.056 1.674523E-02 1.22E-07 14.6  0.239
5.339692E-02 3.99E-07 14.9 -0.194 0.222 1.674536E-02 1.26E-07 15.0 0.063 0.211
5.339807E-02 4.42E-07 16.6  0.043 1.674528E-02 1.26E-07 15.0  0.030
5.339628E-02 3.55E-07 13.3 -0.289 0.209 1.674558E-02 1.07E-07 12.8 0.158 0.194
5.339758E-02 4.21E-07 15.8  -0.092 1.674535E-02 1.18E-07 14.1  0.042
5.339526E-02 3.54E-07 13.3   1.674499E-02 1.15E-07 13.7   
5.339694E-02 3.99E-07 14.9 0.316 0.210 1.674532E-02 1.19E-07 14.2 0.113 0.197
5.339525E-02 4.27E-07 16.0  -0.002 1.674527E-02 1.14E-07 13.6  0.167
5.339650E-02 4.35E-07 16.3 0.142 0.224 1.674513E-02 1.23E-07 14.7 -0.093 0.202
5.339623E-02 3.90E-07 14.6  0.184 1.674530E-02 1.19E-07 14.2  0.018
5.339616E-02 5.25E-07 19.7 0.029 0.247 1.674525E-02 1.28E-07 15.3 -0.009 0.207
5.339578E-02 4.06E-07 15.2  -0.084 1.674523E-02 1.14E-07 13.6  -0.042
5.339590E-02 4.54E-07 17.0 0.012 0.245 1.674528E-02 1.25E-07 14.9 0.063 0.214
5.339589E-02 5.29E-07 19.8  0.021 1.674512E-02 1.41E-07 16.8  -0.066
Ni std SRM 986
Gibeon DMG 1
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 2
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 3
Ni std SRM 986
Gibeon DMG 4
Ni std SRM 986
Gibeon DMG 5
Ni std SRM 986
Gibeon DMG 6
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 7
Ni std SRM 986
Gibeon DMG 8
Ni std SRM 986
Gibeon DMG 9
Ni std SRM 986
Gibeon DMG 10
Ni std SRM 986
± 2 se
ppm
K. Andrews  2009 319
± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 
986) 




in red  
5.339853E-02 4.72E-07 17.7   1.674559E-02
1.27E-07 15.2   
5.339900E-02 5.07E-07 19.0 0.268 0.276 1.674550E-02
1.39E-07 16.6 -0.048 0.230
5.339661E-02 5.89E-07 22.1  -0.360 1.674557E-02
1.40E-07 16.7  -0.012
5.339694E-02 5.71E-07 21.4 0.242 0.308 1.674553E-02
1.47E-07 17.6 0.069 0.240
5.339469E-02 5.94E-07 22.2  -0.360 1.674526E-02









Ni std SRM 986
Gibeon DMG 11
Ni std SRM 986
Gibeon DMG 12
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG/ NI SPEC
1.825294E-02 1.16E-06  4.08E-01 1.73E-05  
1.825296E-02 7.08E-07 0.348 4.08E-01 1.09E-05 0.197
1.824027E-02 2.92E-07  4.08E-01 4.26E-06  
1.821144E-02 2.60E-07  4.08E-01 4.63E-06  
1.819612E-02 2.41E-07 -0.391 4.07E-01 4.56E-06 -0.289
1.819505E-02 3.21E-07  4.07E-01 5.05E-06  
1.819651E-02 3.03E-07  4.07E-01 4.79E-06  
1.819707E-02 2.21E-07 -0.219 4.07E-01 3.59E-06 -0.161
1.820562E-02 2.65E-07  4.07E-01 4.49E-06  
1.820671E-02 3.20E-07 -0.219 4.07E-01 4.99E-06 -0.156
1.821579E-02 2.43E-07  4.08E-01 3.99E-06  
1.821004E-02 2.65E-07 -0.208 4.08E-01 4.05E-06 -0.140
1.821186E-02 2.99E-07  4.08E-01 4.54E-06  
1.820921E-02 2.22E-07 -0.202 4.08E-01 3.35E-06 -0.144
1.821391E-02 2.24E-07  4.08E-01 4.04E-06  
1.821636E-02 2.18E-07  4.08E-01 3.40E-06  
1.821232E-02 2.80E-07 -0.376 4.08E-01 4.29E-06 -0.259
1.822199E-02 2.34E-07  4.08E-01 3.89E-06  
1.822288E-02 2.91E-07 -0.146 4.08E-01 4.83E-06 -0.089
1.822910E-02 2.05E-07  4.08E-01 3.59E-06  
1.822730E-02 2.85E-07 -0.021 4.08E-01 4.96E-06 -0.023
1.822626E-02 4.28E-07  4.08E-01 6.80E-06  
1.822689E-02 3.87E-07 -0.110 4.08E-01 6.15E-06 -0.078
1.823152E-02 2.82E-07  4.08E-01 4.60E-06  
Ni std SRM 986
Gibeon DMG 1
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 2
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 3
Ni std SRM 986
Gibeon DMG 4
Ni std SRM 986
Gibeon DMG 5
Ni std SRM 986
Gibeon DMG 6
Ni std SRM 986
Ni std SRM 986
Gibeon DMG 7
Ni std SRM 986
Gibeon DMG 8
Ni std SRM 986
Gibeon DMG 9
Ni std SRM 986
Gibeon DMG 10
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Gibeon (2nd digestion) Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.825110E-02 2.68E-07  4.08E-01 4.41E-06  
1.825571E-02 2.44E-07 0.261 4.08E-01 4.12E-06 0.187
1.825079E-02 3.84E-07  4.08E-01 6.40E-06  
1.824556E-02 3.95E-07 -0.323 4.08E-01 6.59E-06 -0.230





Ni std SRM 986
Gibeon DMG 11
Ni std SRM 986
Gibeon DMG 12
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Table A3.1 (a) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 1 (6607) 0.3852368 2.03E-06 10.5 5.339356E-02 4.93E-07 18.5
Chinga T 1 (6608) 0.3852337 1.96E-06 10.2 -0.032 0.143 5.339551E-02 4.76E-07 17.8 0.236 0.253
Ni std SRM 986 2 (6609) 0.3852331 1.86E-06 9.7 -0.096 5.339494E-02 4.66E-07 17.5 0.258
Chinga T 2 (6610) 0.3852293 2.04E-06 10.6 -0.075 0.144 5.339725E-02 4.53E-07 17.0 0.517 0.249
Ni std SRM 986 3 (6611) 0.3852313 1.92E-06 10.0 -0.047 5.339404E-02 5.03E-07 18.8 -0.169
Chinga T 3 (6612) 0.3852229 2.05E-06 10.6 -0.239 0.142 5.339445E-02 4.63E-07 17.3 0.145 0.254
Ni std SRM 986 4 (6613) 0.3852329 1.72E-06 8.9 0.042 5.339331E-02 4.88E-07 18.3 -0.137
Chinga T 4 (6614) 0.3852236 1.84E-06 9.6 -0.209 0.134 5.339456E-02 4.33E-07 16.2 0.156 0.243
Ni std SRM 986 5 (6615) 0.3852304 1.91E-06 9.9 -0.065 5.339414E-02 4.79E-07 17.9 0.155
Ni std SRM 986 6 (6616) 0.3852312 1.92E-06 10.0 5.339382E-02 4.62E-07 17.3
Chinga T 5 (6617) 0.3852161 1.75E-06 9.1 -0.327 0.132 5.339414E-02 4.62E-07 17.3 0.059 0.241
Ni std SRM 986 7 (6618) 0.3852262 1.78E-06 9.2 -0.130 5.339383E-02 4.30E-07 16.1 0.002
Chinga T 6 (6619) 0.3852156 2.05E-06 10.6 -0.249 0.140 5.339594E-02 4.62E-07 17.3 0.316 0.239
Ni std SRM 986 8 (6620) 0.3852242 1.71E-06 8.9 -0.052 5.339468E-02 4.51E-07 16.9 0.159
Chinga T 7 (6621) 0.3852107 1.75E-06 9.1 -0.318 0.132 5.339547E-02 4.40E-07 16.5 0.167 0.242
Ni std SRM 986 9 (6622) 0.3852217 1.99E-06 10.3 -0.065 5.339448E-02 4.94E-07 18.5 -0.037
Chinga T 8 (6623) 0.3852175 1.86E-06 9.7 -0.206 0.141 5.339617E-02 4.40E-07 16.5 0.226 0.243
Ni std SRM 986 10 (6624) 0.3852292 1.95E-06 10.1 0.195 5.339545E-02 4.58E-07 17.2 0.182
Ni std SRM 986 2 (6678) 0.3852208 1.76E-06 9.1 5.339342E-02 4.78E-07 17.9
Chinga T 5 (6679) 0.3852183 1.64E-06 8.5 -0.035 0.125 5.339537E-02 4.47E-07 16.7 0.248 0.239
Ni std SRM 986 7 (6680) 0.3852185 1.75E-06 9.1 -0.060 5.339467E-02 4.34E-07 16.3 0.234
Chinga T 6 (6681) 0.3852109 1.68E-06 8.7 -0.205 0.126 5.339407E-02 4.15E-07 15.5 0.014 0.230
Ni std SRM 986 8 (6682) 0.3852191 1.77E-06 9.2 0.016 5.339332E-02 4.71E-07 17.6 -0.253
mean (Teva A) -0.190 0.208
2 sd 0.215 0.281
2 se 0.068 0.089
n 10 10
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Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 1 (7433) 0.3852101 1.80E-06 9.3 5.338730E-02 4.76E-07 17.8
Chinga T 1 (7434) 0.3852032 1.90E-06 9.9 -0.160 0.134 5.338829E-02 4.58E-07 17.2 0.248 0.243
Ni std SRM 986 2 (7435) 0.3852086 1.69E-06 8.8 -0.039 5.338663E-02 4.45E-07 16.7 -0.125
Chinga T 2 (7436) 0.3852060 1.79E-06 9.3 -0.109 0.135 5.338990E-02 4.42E-07 16.6 0.494 0.248
Ni std SRM 986 3 (7437) 0.3852118 2.04E-06 10.6 0.083 5.338789E-02 5.35E-07 20.0 0.236
Chinga T 3 (7438) 0.3851996 1.78E-06 9.2 -0.251 0.137 5.338758E-02 4.76E-07 17.8 0.137 0.262
Ni std SRM 986 4 (6613) 0.3852067 1.85E-06 9.6 -0.132 5.338581E-02 4.92E-07 18.4 -0.390
Chinga T 4 (7440) 0.3852028 1.89E-06 9.8 -0.083 0.138 5.338938E-02 4.73E-07 17.7 0.671 0.252
Ni std SRM 986 5 (7441) 0.3852053 1.91E-06 9.9 -0.036 5.338579E-02 4.64E-07 17.4 -0.004
Ni std SRM 986 6 (7442) 0.3852056 2.11E-06 11.0 5.338585E-02 5.08E-07 19.0
Chinga T 5 (7443) 0.3851994 2.27E-06 11.8 -0.222 0.158 5.338889E-02 5.79E-07 21.7 0.458 0.286
Ni std SRM 986 7 (7444) 0.3852103 1.96E-06 10.2 0.122 5.338704E-02 4.87E-07 18.2 0.223
Chinga T 6 (7445) 0.3851957 1.87E-06 9.7 -0.301 0.141 5.338768E-02 4.98E-07 18.7 0.179 0.263
Ni std SRM 986 8 (7446) 0.3852043 1.98E-06 10.3 -0.156 5.338641E-02 5.03E-07 18.8 -0.118
Chinga T 7 (7447) 0.3851978 2.03E-06 10.5 -0.192 0.148 5.338923E-02 4.94E-07 18.5 0.571 0.262
Ni std SRM 986 9 (7448) 0.3852061 2.02E-06 10.5 0.047 5.338595E-02 4.87E-07 18.2 -0.086
Chinga T 8 (7449) 0.3851984 2.14E-06 11.1 -0.175 0.155 5.338910E-02 5.71E-07 21.4 0.603 0.289
Ni std SRM 986 10 (7450) 0.3852042 2.13E-06 11.1 -0.049 5.338581E-02 5.45E-07 20.4 -0.026
Ni std SRM 986 2 (7451) 0.3852042 1.87E-06 9.7 5.338718E-02 4.81E-07 18.0
Chinga T 9 (7452) 0.3851993 1.72E-06 8.9 -0.151 0.131 5.338971E-02 5.30E-07 19.9 0.511 0.264
Ni std SRM 986 7 (7453) 0.3852060 1.84E-06 9.6 0.047 5.338678E-02 4.50E-07 16.9 -0.075
Chinga T 10 (7454) 0.3851924 2.00E-06 10.4 -0.348 0.143 5.338848E-02 5.24E-07 19.6 0.241 0.270
Ni std SRM 986 8 (7455) 0.3852056 1.95E-06 10.1 -0.010 5.338761E-02 5.36E-07 20.1 0.155
mean (Teva B) -0.199 0.411
2 sd 0.166 0.385
2 se 0.052 0.122
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se







Ni std SRM 986 1 (6607)
Chinga T 1 (6608)
Ni std SRM 986 2 (6609)
Chinga T 2 (6610)
Ni std SRM 986 3 (6611)
Chinga T 3 (6612)
Ni std SRM 986 4 (6613)
Chinga T 4 (6614)
Ni std SRM 986 5 (6615)
Ni std SRM 986 6 (6616)
Chinga T 5 (6617)
Ni std SRM 986 7 (6618)
Chinga T 6 (6619)
Ni std SRM 986 8 (6620)
Chinga T 7 (6621)
Ni std SRM 986 9 (6622)
Chinga T 8 (6623)
Ni std SRM 986 10 (6624)
Ni std SRM 986 2 (6678)
Chinga T 5 (6679)
Ni std SRM 986 7 (6680)
Chinga T 6 (6681)





0.3852163 1.65E-06 8.6 1.674302E-02 1.17E-07 14.0
0.3852040 1.64E-06 8.5 -0.197 0.118 1.674256E-02 1.13E-07 13.5 -0.176 0.192
0.3852069 1.51E-06 7.8 -0.244 1.674269E-02 1.11E-07 13.3 -0.197
0.3851984 1.51E-06 7.8 -0.278 0.112 1.674214E-02 1.08E-07 12.9 -0.391 0.189
0.3852113 1.58E-06 8.2 0.114 1.674290E-02 1.19E-07 14.2 0.125
0.3851988 1.75E-06 9.1 -0.347 0.122 1.674281E-02 1.10E-07 13.1 -0.108 0.192
0.385213 1.57E-06 8.2 0.044 1.674308E-02 1.16E-07 13.9 0.108
0.3851989 1.59E-06 8.3 -0.301 0.116 1.674278E-02 1.03E-07 12.3 -0.119 0.184
0.385208 1.56E-06 8.1 -0.130 1.674288E-02 1.14E-07 13.6 -0.119
0.3852092 1.56E-06 8.1 1.674296E-02 1.10E-07 13.1
0.3851962 1.56E-06 8.1 -0.293 0.115 1.674288E-02 1.09E-07 13.0 -0.045 0.182
0.3852058 1.57E-06 8.2 -0.088 1.674295E-02 1.02E-07 12.2 -0.006
0.3851899 1.73E-06 9.0 -0.352 0.124 1.674245E-02 1.10E-07 13.1 -0.239 0.181
0.3852011 1.70E-06 8.8 -0.122 1.674275E-02 1.07E-07 12.8 -0.119
0.3851831 1.54E-06 8.0 -0.431 0.120 1.674257E-02 1.04E-07 12.4 -0.122 0.183
0.3851983 1.75E-06 9.1 -0.073 1.674280E-02 1.17E-07 14.0 0.030
0.3851873 1.52E-06 7.9 -0.302 0.115 1.674240E-02 1.04E-07 12.4 -0.170 0.184
0.3851996 1.43E-06 7.4 0.034 1.674257E-02 1.09E-07 13.0 -0.137
0.3852033 1.31E-06 6.8 1.674305E-02 1.13E-07 13.5
0.3851902 1.25E-06 6.5 -0.240 0.095 1.674259E-02 1.06E-07 12.7 -0.185 0.181
0.3851956 1.37E-06 7.1 -0.200 1.674275E-02 1.03E-07 12.3 -0.179
0.3851902 1.36E-06 7.1 -0.210 0.101 1.674290E-02 9.83E-08 11.7 -0.006 0.174
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3852148 1.26E-06 6.5 1.674450E-02 1.13E-07 13.5
0.3852036 1.40E-06 7.3 -0.310 0.097 1.674427E-02 1.09E-07 13.0 -0.185 0.185
0.3852163 1.20E-06 6.2 0.039 1.674466E-02 1.06E-07 12.7 0.096
0.3852008 1.49E-06 7.7 -0.315 0.103 1.674389E-02 1.05E-07 12.5 -0.370 0.188
0.3852096 1.40E-06 7.3 -0.174 1.674436E-02 1.27E-07 15.2 -0.179
0.3851995 1.43E-06 7.4 -0.312 0.109 1.674444E-02 1.13E-07 13.5 -0.102 0.199
0.3852134 1.66E-06 8.6 0.099 1.674486E-02 1.17E-07 14.0 0.299
0.3852003 1.41E-06 7.3 -0.360 0.110 1.674401E-02 1.12E-07 13.4 -0.508 0.191
0.3852149 1.50E-06 7.8 0.039 1.674486E-02 1.10E-07 13.1 0.000
0.3852129 1.48E-06 7.7 1.674485E-02 1.20E-07 14.3
0.3851970 1.79E-06 9.3 -0.444 0.129 1.674412E-02 1.37E-07 16.4 -0.349 0.216
0.3852153 1.95E-06 10.1 0.062 1.674456E-02 1.16E-07 13.9 -0.179
0.3851952 1.75E-06 9.1 -0.466 0.131 1.674441E-02 1.18E-07 14.1 -0.134 0.199
0.385211 1.70E-06 8.8 -0.112 1.674471E-02 1.19E-07 14.2 0.090
0.3851942 1.63E-06 8.5 -0.462 0.125 1.674405E-02 1.17E-07 14.0 -0.427 0.198
0.385213 1.82E-06 9.4 0.052 1.674482E-02 1.16E-07 13.9 0.066
0.3851941 2.02E-06 10.5 -0.489 0.143 1.674408E-02 1.36E-07 16.2 -0.454 0.219
0.3852129 1.95E-06 10.1 -0.003 1.674486E-02 1.29E-07 15.4 0.024
0.3852086 1.30E-06 6.7 1.674453E-02 1.14E-07 13.6
0.3851926 1.33E-06 6.9 -0.434 0.099 1.674393E-02 1.26E-06 150.5 -0.388 1.511
0.38521 1.45E-06 7.5 0.036 1.674463E-02 1.07E-07 12.8 0.060
0.3851906 1.34E-06 7.0 -0.506 0.102 1.674422E-02 1.24E-07 14.8 -0.185 0.204







Ni std SRM 986 1 (7433)
Chinga T 1 (7434)
Ni std SRM 986 2 (7435)
Chinga T 2 (7436)
Ni std SRM 986 3 (7437)
Chinga T 3 (7438)
Ni std SRM 986 4 (6613)
Chinga T 4 (7440)
Ni std SRM 986 5 (7441)
Ni std SRM 986 6 (7442)
Chinga T 5 (7443)
Ni std SRM 986 7 (7444)
Chinga T 6 (7445)
Ni std SRM 986 8 (7446)
Chinga T 7 (7447)
Ni std SRM 986 9 (7448)
Chinga T 8 (7449)
Ni std SRM 986 10 (7450)
Ni std SRM 986 2 (7451)
Chinga T 9 (7452)
Ni std SRM 986 7 (7453)
Chinga T 10 (7454)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 





5.338323E-02 4.50E-07 16.9 1.674180E-02 1.31E-07 15.6
5.338658E-02 4.46E-07 16.7 0.390 0.232 1.674200E-02 1.27E-07 15.2 0.048 0.213
5.338577E-02 4.11E-07 15.4 0.476 1.674204E-02 1.20E-07 14.3 0.143
5.338809E-02 4.11E-07 15.4 0.547 0.221 1.674229E-02 1.32E-07 15.8 0.113 0.215
5.338457E-02 4.32E-07 16.2 -0.225 1.674216E-02 1.24E-07 14.8 0.072
5.338800E-02 4.76E-07 17.8 0.684 0.240 1.674270E-02 1.33E-07 15.9 0.352 0.212
5.338413E-02 4.27E-07 16.0 -0.082 1.674206E-02 1.11E-07 13.3 -0.060
5.338796E-02 4.34E-07 16.3 0.591 0.228 1.674266E-02 1.19E-07 14.2 0.311 0.199
5.338548E-02 4.25E-07 15.9 0.253 1.674222E-02 1.23E-07 14.7 0.096
5.338516E-02 4.24E-07 15.9 1.674216E-02 1.24E-07 14.8
5.338870E-02 4.26E-07 16.0 0.576 0.226 1.674314E-02 1.13E-07 13.5 0.487 0.197
5.338609E-02 4.29E-07 16.1 0.174 1.674249E-02 1.15E-07 13.7 0.197
5.339042E-02 4.72E-07 17.7 0.692 0.243 1.674318E-02 1.33E-07 15.9 0.376 0.208
5.338736E-02 4.63E-07 17.3 0.238 1.674261E-02 1.11E-07 13.3 0.072
5.339227E-02 4.21E-07 15.8 0.848 0.236 1.674349E-02 1.13E-07 13.5 0.475 0.197
5.338813E-02 4.76E-07 17.8 0.144 1.674278E-02 1.29E-07 15.4 0.102
5.339112E-02 4.14E-07 15.5 0.594 0.225 1.674305E-02 1.21E-07 14.5 0.308 0.210
5.338777E-02 3.91E-07 14.6 -0.067 1.674229E-02 1.26E-07 15.1 -0.293
5.338677E-02 3.59E-07 13.4 1.674284E-02 1.14E-07 13.6
5.339034E-02 3.42E-07 12.8 0.472 0.188 1.674300E-02 1.06E-07 12.7 0.051 0.186
5.338887E-02 3.75E-07 14.0 0.393 1.674299E-02 1.13E-07 13.5 0.090
5.339032E-02 3.70E-07 13.9 0.411 0.199 1.674348E-02 1.09E-07 13.0 0.305 0.188







Ni std SRM 986 1 (6607)
Chinga T 1 (6608)
Ni std SRM 986 2 (6609)
Chinga T 2 (6610)
Ni std SRM 986 3 (6611)
Chinga T 3 (6612)
Ni std SRM 986 4 (6613)
Chinga T 4 (6614)
Ni std SRM 986 5 (6615)
Ni std SRM 986 6 (6616)
Chinga T 5 (6617)
Ni std SRM 986 7 (6618)
Chinga T 6 (6619)
Ni std SRM 986 8 (6620)
Chinga T 7 (6621)
Ni std SRM 986 9 (6622)
Chinga T 8 (6623)
Ni std SRM 986 10 (6624)
Ni std SRM 986 2 (6678)
Chinga T 5 (6679)
Ni std SRM 986 7 (6680)
Chinga T 6 (6681)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 





5.338361E-02 3.43E-07 12.9 1.674353E-02 1.16E-07 13.9
5.338668E-02 3.82E-07 14.3 0.613 0.191 1.674397E-02 1.23E-07 14.7 0.233 0.199
5.338321E-02 3.29E-07 12.3 -0.075 1.674363E-02 1.09E-07 13.0 0.060
5.338743E-02 4.05E-07 15.2 0.619 0.202 1.674380E-02 1.16E-07 13.9 0.164 0.200
5.338504E-02 3.81E-07 14.3 0.343 1.674342E-02 1.32E-07 15.8 -0.125
5.338780E-02 3.90E-07 14.6 0.614 0.214 1.674421E-02 1.15E-07 13.7 0.373 0.204
5.338400E-02 4.53E-07 17.0 -0.195 1.674375E-02 1.20E-07 14.3 0.197
5.338759E-02 3.85E-07 14.4 0.710 0.217 1.674400E-02 1.22E-07 14.6 0.122 0.206
5.338360E-02 4.10E-07 15.4 -0.075 1.674384E-02 1.24E-07 14.8 0.054
5.338414E-02 4.03E-07 15.1 1.674382E-02 1.36E-07 16.2
5.338847E-02 4.87E-07 18.2 0.872 0.254 1.674422E-02 1.47E-07 17.6 0.328 0.236
5.338349E-02 5.32E-07 19.9 -0.122 1.674352E-02 1.27E-07 15.2 -0.179
5.338898E-02 4.77E-07 17.9 0.919 0.259 1.674446E-02 1.21E-07 14.5 0.445 0.210
5.338466E-02 4.64E-07 17.4 0.219 1.674391E-02 1.28E-07 15.3 0.233
5.338925E-02 4.45E-07 16.7 0.910 0.245 1.674433E-02 1.32E-07 15.8 0.287 0.221
5.338412E-02 4.95E-07 18.5 -0.101 1.674379E-02 1.31E-07 15.6 -0.072
5.338928E-02 5.50E-07 20.6 0.965 0.282 1.674429E-02 1.38E-07 16.5 0.263 0.230
5.338414E-02 5.33E-07 20.0 0.004 1.674391E-02 1.38E-07 16.5 0.072
5.338533E-02 3.55E-07 13.3 1.674391E-02 1.21E-07 14.5
5.338967E-02 3.64E-07 13.6 0.849 0.196 1.674423E-02 1.12E-07 13.4 0.227 0.196
5.338494E-02 3.94E-07 14.8 -0.073 1.674379E-02 1.19E-07 14.2 -0.072
5.339022E-02 3.64E-07 13.6 0.995 0.201 1.674467E-02 1.29E-07 15.4 0.517 0.213







Ni std SRM 986 1 (7433)
Chinga T 1 (7434)
Ni std SRM 986 2 (7435)
Chinga T 2 (7436)
Ni std SRM 986 3 (7437)
Chinga T 3 (7438)
Ni std SRM 986 4 (6613)
Chinga T 4 (7440)
Ni std SRM 986 5 (7441)
Ni std SRM 986 6 (7442)
Chinga T 5 (7443)
Ni std SRM 986 7 (7444)
Chinga T 6 (7445)
Ni std SRM 986 8 (7446)
Chinga T 7 (7447)
Ni std SRM 986 9 (7448)
Chinga T 8 (7449)
Ni std SRM 986 10 (7450)
Ni std SRM 986 2 (7451)
Chinga T 9 (7452)
Ni std SRM 986 7 (7453)
Chinga T 10 (7454)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.823430E-02 2.18E-07 0.4079403 3.79E-06
1.823770E-02 2.04E-07 0.134 0.4079863 3.37E-06 0.087
1.823620E-02 1.76E-07 0.4079617 3.08E-06
1.823578E-02 1.59E-07 -0.081 0.4079532 3.11E-06 -0.057
1.823832E-02 1.86E-07 0.4079915 3.31E-06
1.823940E-02 2.21E-07 0.018 0.4079990 3.65E-06 -0.011
1.823982E-02 2.13E-07 0.4080158 3.22E-06
1.824048E-02 1.70E-07 0.032 0.4080164 3.13E-06 0.001
1.823998E-02 1.66E-07 0.4080159 2.76E-06
1.824546E-02 1.88E-07 0.4081016 3.14E-06
1.823779E-02 4.41E-07 0.117 0.4079725 6.81E-06 0.055
1.822586E-02 1.60E-07 0.4077984 2.85E-06
1.822448E-02 1.71E-07 0.027 0.4077696 3.16E-06 -0.005
1.822211E-02 2.23E-07 0.4077450 3.83E-06
1.822598E-02 1.55E-07 0.125 0.4077858 2.58E-06 0.048
1.822529E-02 1.78E-07 0.4077876 3.23E-06
1.822517E-02 1.50E-07 0.030 0.4077804 2.70E-06 0.004
1.822394E-02 1.65E-07 0.4077703 2.95E-06
1.825481E-02 1.48E-07 0.4082289 2.27E-06
1.825459E-02 1.32E-07 -0.049 0.4082235 1.95E-06 -0.037
1.825615E-02 1.47E-07 0.4082487 2.45E-06
1.825452E-02 1.40E-07 -0.069 0.4082153 2.31E-06 -0.067






Ni std SRM 986 1 (6607)
Chinga T 1 (6608)
Ni std SRM 986 2 (6609)
Chinga T 2 (6610)
Ni std SRM 986 3 (6611)
Chinga T 3 (6612)
Ni std SRM 986 4 (6613)
Chinga T 4 (6614)
Ni std SRM 986 5 (6615)
Ni std SRM 986 6 (6616)
Chinga T 5 (6617)
Ni std SRM 986 7 (6618)
Chinga T 6 (6619)
Ni std SRM 986 8 (6620)
Chinga T 7 (6621)
Ni std SRM 986 9 (6622)
Chinga T 8 (6623)
Ni std SRM 986 10 (6624)
Ni std SRM 986 2 (6678)
Chinga T 5 (6679)
Ni std SRM 986 7 (6680)
Chinga T 6 (6681)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.835668E-02 2.13E-07 0.4097467 3.16E-06
1.836273E-02 2.80E-07 0.275 0.4098323 4.34E-06 0.168
1.835868E-02 2.34E-07 0.4097800 3.71E-06
1.836407E-02 1.93E-07 0.001 0.4098647 3.13E-06 0.019
1.836941E-02 2.36E-07 0.4099340 3.50E-06
1.837744E-02 1.99E-07 0.325 0.4100439 3.36E-06 0.196
1.837354E-02 2.38E-07 0.4099931 3.88E-06
1.838397E-02 4.00E-07 0.324 0.4101427 6.11E-06 0.201
1.838249E-02 4.05E-07 0.4101275 6.30E-06
1.837471E-02 2.46E-07 0.4100143 3.74E-06
1.839044E-02 2.82E-07 0.617 0.4102431 4.18E-06 0.397
1.838350E-02 3.37E-07 0.4101467 5.41E-06
1.839391E-02 2.98E-07 0.375 0.4102881 4.66E-06 0.214
1.839053E-02 2.79E-07 0.4102542 4.36E-06
1.840068E-02 3.07E-07 0.261 0.4103934 4.65E-06 0.155
1.840122E-02 3.23E-07 0.4104050 5.03E-06
1.841224E-02 3.04E-07 0.516 0.4105638 4.85E-06 0.331
1.840425E-02 2.82E-07 0.4104505 4.54E-06
1.838376E-02 2.52E-07 0.4101464 3.50E-06
1.839144E-02 3.47E-07 0.156 0.4102593 5.00E-06 0.093
1.839339E-02 4.05E-07 0.4102958 6.16E-06
1.840285E-02 2.50E-07 0.374 0.4104205 3.90E-06 0.211







Ni std SRM 986 1 (7433)
Chinga T 1 (7434)
Ni std SRM 986 2 (7435)
Chinga T 2 (7436)
Ni std SRM 986 3 (7437)
Chinga T 3 (7438)
Ni std SRM 986 4 (6613)
Chinga T 4 (7440)
Ni std SRM 986 5 (7441)
Ni std SRM 986 6 (7442)
Chinga T 5 (7443)
Ni std SRM 986 7 (7444)
Chinga T 6 (7445)
Ni std SRM 986 8 (7446)
Chinga T 7 (7447)
Ni std SRM 986 9 (7448)
Chinga T 8 (7449)
Ni std SRM 986 10 (7450)
Ni std SRM 986 2 (7451)
Chinga T 9 (7452)
Ni std SRM 986 7 (7453)
Chinga T 10 (7454)
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Table A3.1 (b) MC-ICPMS data for Chinga Fe-Ni metal processed through Anion spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





mean (anion) -0.190 0.118
2 sd 0.144 0.377




Ni std SRM 986 1 (6761) 0.3852160 2.07E-06 10.7 5.339376E-02 5.26E-07 19.7
Chinga A 1 (6762) 0.3852108 1.59E-06 8.3 -0.200 0.133 5.339543E-02 4.60E-07 17.2 0.128 0.254
Ni std SRM 986 2 (6763) 0.3852210 1.94E-06 10.1 0.130 5.339573E-02 4.68E-07 17.5 0.369
Chinga A 2 (6764) 0.3852091 1.91E-06 9.9 -0.263 0.141 5.339542E-02 3.90E-07 14.6 0.056 0.229
Ni std SRM 986 3 (6765) 0.3852175 1.92E-06 10.0 -0.091 5.339451E-02 4.72E-07 17.7 -0.228
Chinga A 3 (6766) 0.3852110 1.67E-06 8.7 -0.165 0.133 5.339633E-02 3.81E-07 14.3 0.383 0.226
Ni std SRM 986 4 (6767) 0.3852172 1.95E-06 10.1 -0.008 5.339406E-02 4.61E-07 17.3 -0.084
Chinga A 4 (6768) 0.3852085 1.78E-06 9.2 -0.127 0.133 5.339529E-02 4.12E-07 15.4 0.221 0.234
Ni std SRM 986 5 (6769) 0.3852096 1.74E-06 9.0 -0.197 5.339416E-02 4.78E-07 17.9 0.019
Ni std SRM 986 6 (6770) 0.3852170 2.07E-06 10.7 5.339394E-02 5.41E-07 20.3
Chinga A 5 (6771) 0.3852161 1.59E-06 8.3 -0.096 0.133 5.339583E-02 3.99E-07 14.9 0.246 0.245
Ni std SRM 986 7 (6772) 0.3852226 1.95E-06 10.1 0.145 5.339509E-02 4.98E-07 18.7 0.215
Chinga A 6 (6773) 0.3852115 1.92E-06 10.0 -0.235 0.139 5.339497E-02 4.33E-07 16.2 0.018 0.242
Ni std SRM 986 8 (6774) 0.3852185 1.77E-06 9.2 -0.106 5.339466E-02 4.57E-07 17.1 -0.081
Chinga A 7 (6775) 0.3852081 1.70E-06 8.8 -0.248 0.131 5.339476E-02 4.08E-07 15.3 0.091 0.228
Ni std SRM 986 9 (6776) 0.3852168 1.96E-06 10.2 -0.044 5.339389E-02 4.46E-07 16.7 -0.144
Chinga A 8 (6777) 0.3852134 1.82E-06 9.4 -0.066 0.135 5.339567E-02 4.63E-07 17.3 0.217 0.243
Ni std SRM 986 10 (6778) 0.3852151 1.76E-06 9.1 -0.044 5.339513E-02 4.60E-07 17.2 0.232
Ni std SRM 986 11 (6779) 0.3852174 2.11E-06 11.0 5.339521E-02 5.09E-07 19.1
Chinga A 9 (6780) 0.3852102 1.83E-06 9.5 -0.240 0.137 5.339360E-02 3.92E-07 14.7 -0.326 0.229
Ni std SRM 986 12 (6781) 0.3852215 1.65E-06 8.6 0.106 5.339547E-02 4.25E-07 15.9 0.049
Chinga A 10 (6782) 0.3852115 1.69E-06 8.8 -0.258 0.126 5.339577E-02 4.28E-07 16.0 0.141 0.232
Ni std SRM 986 13 (6783) 0.3852214 1.81E-06 9.4 -0.003 5.339456E-02 4.72E-07 17.7 -0.170
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62Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851944 1.92E-06 10.0 1.674297E-02 1.25E-07 14.9
0.3851846 1.39E-06 7.2 -0.238 0.115 1.674258E-02 1.09E-07 13.0 -0.093 0.192
0.3851931 1.53E-06 7.9 -0.034 1.674250E-02 1.11E-07 13.3 -0.281
0.3851842 1.46E-06 7.6 -0.239 0.110 1.674258E-02 9.26E-08 11.1 -0.093 0.173
0.3851937 1.55E-06 8.0 0.016 1.674297E-02 1.12E-07 13.4 0.281
0.3851825 1.44E-06 7.5 -0.292 0.109 1.674236E-02 9.03E-08 10.8 -0.343 0.170
0.3851938 1.48E-06 7.7 0.003 1.674290E-02 1.09E-07 13.0 -0.042
0.3851804 1.49E-06 7.7 -0.265 0.107 1.674261E-02 9.78E-08 11.7 -0.164 0.177
0.3851874 1.36E-06 7.1 -0.166 1.674287E-02 1.13E-07 13.5 -0.018
0.3851951 1.51E-06 7.8 0.200 1.674293E-02 1.28E-07 15.3 0.036
0.3851852 1.41E-06 7.3 -0.271 0.107 1.674248E-02 9.47E-08 11.3 -0.185 0.178
0.3851962 1.63E-06 8.5 0.228 1.674265E-02 1.18E-07 14.1 -0.131
0.3851872 1.54E-06 8.0 -0.217 0.113 1.674268E-02 1.03E-07 12.3 -0.015 0.183
0.3851949 1.46E-06 7.6 -0.034 1.674276E-02 1.08E-07 12.9 0.066
0.3851831 1.30E-06 6.8 -0.323 0.104 1.674273E-02 9.67E-08 11.6 -0.072 0.172
0.3851962 1.57E-06 8.2 0.034 1.674294E-02 1.06E-07 12.7 0.108
0.3851856 1.52E-06 7.9 -0.180 0.111 1.674252E-02 1.10E-07 13.1 -0.161 0.184
0.3851889 1.45E-06 7.5 -0.190 1.674264E-02 1.09E-07 13.0 -0.179
0.3851917 1.49E-06 7.7 0.073 1.674263E-02 1.21E-07 14.5 -0.006
0.3851895 1.30E-06 6.7 -0.101 0.102 1.674301E-02 9.30E-08 11.1 0.248 0.168
0.3851951 1.47E-06 7.6 0.161 1.674256E-02 1.01E-07 12.1 -0.048
0.3851841 1.36E-06 7.1 -0.296 0.101 1.674249E-02 1.02E-07 12.2 -0.108 0.176
0.3851959 1.31E-06 6.8 0.021 1.674278E-02 1.12E-07 13.4 0.131
April 8 08
Ni std SRM 986 1 (6761)
Chinga A 1 (6762)
Ni std SRM 986 2 (6763)
Chinga A 2 (6764)
Ni std SRM 986 3 (6765)
Chinga A 3 (6766)
Ni std SRM 986 4 (6767)
Chinga A 4 (6768)
Ni std SRM 986 5 (6769)
Ni std SRM 986 6 (6770)
Chinga A 5 (6771)
Ni std SRM 986 7 (6772)
Chinga A 6 (6773)
Ni std SRM 986 8 (6774)
Chinga A 7 (6775)
Ni std SRM 986 9 (6776)
Chinga A 8 (6777)
Ni std SRM 986 10 (6778)
Ni std SRM 986 11 (6779)
Chinga A 9 (6780)
Ni std SRM 986 12 (6781)
Chinga A 10 (6782)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 







Ni std SRM 986 1 (6761)
Chinga A 1 (6762)
Ni std SRM 986 2 (6763)
Chinga A 2 (6764)
Ni std SRM 986 3 (6765)
Chinga A 3 (6766)
Ni std SRM 986 4 (6767)
Chinga A 4 (6768)
Ni std SRM 986 5 (6769)
Ni std SRM 986 6 (6770)
Chinga A 5 (6771)
Ni std SRM 986 7 (6772)
Chinga A 6 (6773)
Ni std SRM 986 8 (6774)
Chinga A 7 (6775)
Ni std SRM 986 9 (6776)
Chinga A 8 (6777)
Ni std SRM 986 10 (6778)
Ni std SRM 986 11 (6779)
Chinga A 9 (6780)
Ni std SRM 986 12 (6781)
Chinga A 10 (6782)
Ni std SRM 986 13 (6783)
5.338919E-02 5.23E-07 19.6 1.674315E-02 1.34E-07 16.0
5.339185E-02 3.78E-07 14.2 0.464 0.227 1.674348E-02 1.03E-07 12.3 0.296 0.198
5.338956E-02 4.17E-07 15.6 0.069 1.674282E-02 1.26E-07 15.1 -0.197
5.339198E-02 4.00E-07 15.0 0.471 0.217 1.674360E-02 1.23E-07 14.7 0.397 0.209
5.338937E-02 4.22E-07 15.8 -0.036 1.674305E-02 1.24E-07 14.8 0.137
5.339244E-02 3.93E-07 14.7 0.575 0.214 1.674347E-02 1.08E-07 12.9 0.245 0.197
5.338937E-02 4.05E-07 15.2 0.000 1.674307E-02 1.26E-07 15.1 0.012
5.339300E-02 4.06E-07 15.2 0.517 0.211 1.674364E-02 1.15E-07 13.7 0.194 0.198
5.339111E-02 3.72E-07 13.9 0.326 1.674356E-02 1.13E-07 13.5 0.293
5.338900E-02 4.11E-07 15.4 1.674308E-02 1.34E-07 16.0
5.339171E-02 3.85E-07 14.4 0.535 0.215 1.674314E-02 1.03E-07 12.3 0.143 0.198
5.338871E-02 4.43E-07 16.6 -0.054 1.674272E-02 1.26E-07 15.1 -0.215
5.339115E-02 4.21E-07 15.8 0.424 0.223 1.674344E-02 1.24E-07 14.8 0.349 0.207
5.338906E-02 3.99E-07 14.9 0.066 1.674299E-02 1.15E-07 13.7 0.161
5.339228E-02 3.55E-07 13.3 0.636 0.204 1.674366E-02 1.10E-07 13.1 0.370 0.195
5.338871E-02 4.27E-07 16.0 -0.066 1.674309E-02 1.27E-07 15.2 0.060
5.339160E-02 4.16E-07 15.6 0.357 0.219 1.674332E-02 1.18E-07 14.1 0.105 0.202
5.339068E-02 3.95E-07 14.8 0.369 1.674320E-02 1.14E-07 13.6 0.066
5.338993E-02 4.08E-07 15.3 1.674306E-02 1.36E-07 16.2 -0.084
5.339052E-02 3.55E-07 13.3 0.199 0.202 1.674353E-02 1.19E-07 14.2 0.361 0.194
5.338899E-02 4.01E-07 15.0 -0.176 1.674279E-02 1.07E-07 12.8 -0.245
5.339200E-02 3.70E-07 13.9 0.583 0.198 1.674344E-02 1.09E-07 13.0 0.385 0.187
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
1.825275E-02 1.74E-07 0.4081953 3.07E-06
1.825144E-02 1.47E-07 -0.017 0.4081694 2.32E-06 -0.032
1.825075E-02 1.48E-07 0.4081700 2.55E-06
1.825134E-02 1.31E-07 0.044 0.4081661 2.44E-06 0.004
1.825033E-02 1.66E-07 0.4081587 3.03E-06
1.825020E-02 1.43E-07 -0.052 0.4081518 2.46E-06 -0.045
1.825196E-02 1.55E-07 0.4081818 2.50E-06
1.825506E-02 1.43E-07 0.020 0.4082178 2.45E-06 -0.004
1.825744E-02 1.59E-07 0.4082568 2.36E-06
1.825924E-02 1.67E-07 0.4082896 2.66E-06
1.825883E-02 1.53E-07 -0.005 0.4082839 2.70E-06 -0.012
1.825860E-02 1.61E-07 0.4082884 2.92E-06
1.826062E-02 1.49E-07 0.091 0.4083067 2.70E-06 0.035
1.825933E-02 1.58E-07 0.4082967 2.57E-06
1.826093E-02 1.44E-07 0.054 0.4083083 2.40E-06 0.008
1.826057E-02 1.49E-07 0.4083134 2.84E-06
1.826469E-02 1.55E-07 0.102 0.4083678 2.73E-06 0.053
1.826508E-02 1.43E-07 0.4083789 2.40E-06
1.826873E-02 1.52E-07 0.4084361 2.54E-06
1.826683E-02 1.48E-07 -0.011 0.4083989 2.41E-06 -0.033
1.826535E-02 1.56E-07 0.4083889 2.55E-06
1.826642E-02 1.38E-07 0.053 0.4083914 2.37E-06 0.004










Ni std SRM 986 1 (6761)
Chinga A 1 (6762)
Ni std SRM 986 2 (6763)
Chinga A 2 (6764)
Ni std SRM 986 3 (6765)
Chinga A 3 (6766)
Ni std SRM 986 4 (6767)
Chinga A 4 (6768)
Ni std SRM 986 5 (6769)
Ni std SRM 986 6 (6770)
Chinga A 5 (6771)
Ni std SRM 986 7 (6772)
Chinga A 6 (6773)
Ni std SRM 986 8 (6774)
Chinga A 7 (6775)
Ni std SRM 986 9 (6776)
Chinga A 8 (6777)
Ni std SRM 986 10 (6778)
Ni std SRM 986 11 (6779)
Chinga A 9 (6780)
Ni std SRM 986 12 (6781)
Chinga A 10 (6782)
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Table A3.1 (c) MC-ICPMS data for Chinga Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





DMG / NI SPEC
April 20 08
Ni std SRM 986 1 (7160) 0.3852275 1.93E-06 10.0 5.338778E-02 4.75E-07 17.8
Chinga DGA 1 (7161) 0.3852161 1.66E-06 8.6 -0.265 0.133 5.338809E-02 4.31E-07 16.1 0.134 0.234
Ni std SRM 986 2 (7162) 0.3852251 1.96E-06 10.2 -0.062 5.338697E-02 4.31E-07 16.1 -0.152
Chinga T 2 (7163) 0.3852203 1.64E-06 8.5 -0.174 0.128 5.338800E-02 4.22E-07 15.8 0.155 0.225
Ni std SRM 986 3 (7164) 0.3852289 1.69E-06 8.8 0.099 5.338737E-02 4.24E-07 15.9 0.075
Chinga T 3 (7165) 0.3852215 1.74E-06 9.0 -0.169 0.128 5.338894E-02 4.52E-07 16.9 0.312 0.235
Ni std SRM 986 4 (7166) 0.3852271 1.80E-06 9.3 -0.047 5.338718E-02 4.42E-07 16.6 -0.036
Chinga T 4 (7167) 0.3852240 1.76E-06 9.1 -0.091 0.129 5.338915E-02 4.66E-07 17.5 0.388 0.240
Ni std SRM 986 5 (7168) 0.3852279 1.72E-06 8.9 0.021 5.338698E-02 4.40E-07 16.5 -0.037
mean (Ni spec) -0.175 0.247
2 sd 0.142 0.245
2 se 0.071 0.123
n 4 4
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.38523 1.47E-06 7.6 1.674439E-02 1.13E-07 13.5
0.3852169 1.29E-06 6.7 -0.357 0.107 1.674431E-02 1.02E-07 12.2 -0.105 0.177
0.3852313 1.73E-06 9.0 0.034 1.674458E-02 1.02E-07 12.2 0.113
0.3852184 1.28E-06 6.6 -0.324 0.108 1.674434E-02 1.00E-07 11.9 -0.116 0.170
0.3852305 1.53E-06 7.9 -0.021 1.674449E-02 1.01E-07 12.1 -0.054
0.3852197 1.26E-06 6.5 -0.271 0.104 1.674411E-02 1.07E-07 12.8 -0.239 0.177
0.3852298 1.60E-06 8.3 -0.018 1.674453E-02 1.05E-07 12.5 0.024
0.3852201 1.27E-06 6.6 -0.304 0.103 1.674406E-02 1.11E-07 13.3 -0.296 0.182
0.3852338 1.45E-06 7.5 0.104 1.674458E-02 1.04E-07 12.4 0.030
DMG / NI SPEC
April 20 08
Ni std SRM 986 1 (7160)
Chinga DGA 1 (7161)
Ni std SRM 986 2 (7162)
Chinga T 2 (7163)
Ni std SRM 986 3 (7164)
Chinga T 3 (7165)
Ni std SRM 986 4 (7166)
Chinga T 4 (7167)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 





5.337947E-02 4.02E-07 15.1 1.674240E-02 1.25E-07 14.9
5.338306E-02 3.52E-07 13.2 0.706 0.211 1.674314E-02 1.08E-07 12.9 0.394 0.198
5.337911E-02 4.72E-07 17.7 -0.067 1.674256E-02 1.27E-07 15.2 0.096
3.50E-07 13.1 0.641 0.212 1.674287E-02 1.06E-07 12.7 0.260 0.190
5.337933E-02 4.16E-07 15.6 0.041 1.674231E-02 1.09E-07 13.0 -0.149
5.338229E-02 3.44E-07 12.9 0.535 0.205 1.674279E-02 1.13E-07 13.5 0.251 0.191
5.337954E-02 4.37E-07 16.4 0.039 1.674243E-02 1.16E-07 13.9 0.072
5.338218E-02 3.46E-07 13.0 0.597 0.203 1.674263E-02 1.14E-07 13.6 0.134 0.193








Ni std SRM 986 1 (7160)
Chinga DGA 1 (7161)
Ni std SRM 986 2 (7162)
Chinga T 2 (7163)
Ni std SRM 986 3 (7164)
Chinga T 3 (7165)
Ni std SRM 986 4 (7166)
Chinga T 4 (7167)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Chinga Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
DMG / NI SPEC
April 20 08
Ni std SRM 986 1 (7160)
Chinga DGA 1 (7161)
Ni std SRM 986 2 (7162)
Chinga T 2 (7163)
Ni std SRM 986 3 (7164)
Chinga T 3 (7165)
Ni std SRM 986 4 (7166)
Chinga T 4 (7167)
Ni std SRM 986 5 (7168)
1.824125E-02 3.53E-07 0.4080332 5.48E-06
1.823719E-02 2.10E-07 -0.245 0.4079610 3.17E-06 -0.196
1.824207E-02 2.09E-07 0.4080485 3.62E-06
1.823801E-02 1.51E-07 -0.341 0.4079765 2.37E-06 -0.257
1.824641E-02 1.80E-07 0.4081144 3.09E-06
1.824553E-02 1.81E-07 -0.157 0.4080908 2.90E-06 -0.127
1.825037E-02 2.18E-07 0.4081712 3.80E-06
1.825244E-02 2.20E-07 -0.154 0.4081984 3.16E-06 -0.115
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EICHROM TEVA SPEC RESIN
April 1st 2008
Ni std SRM 986 2 (6562)
Brenham 1 (6563)
Ni std SRM 986 3 (6564)
Brenham 2 (6565)
Ni std SRM 986 4 (6566)
Brenham 3 (6567)
Ni std SRM 986 5 (6568)
Brenham 4 (6569)
Ni std SRM 986 6 (6570)
Brenham 5 (6571)
Ni std SRM 986 7 (6572)
Brenham 6 (6573)
Ni std SRM 986 8 (6574)
Brenham 7 (6575)
Ni std SRM 986 9 (6576)
Ni std SRM 986 2 (6636)
Brenham 8 (6637)
Ni std SRM 986 3 (6638)
Brenham 9 (6639)
Ni std SRM 986 4 (6640)
Ni std SRM 986 1 (6676)
Brenham 10 (6677)





Table A3.1 MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
0.3852655 1.91E-06 9.9 5.339697E-02 4.85E-07 18.2
0.3852552 1.86E-06 9.7 -0.119 0.141 5.339537E-02 4.50E-07 16.9 -0.186 0.252
0.3852541 2.05E-06 10.6 5.339576E-02 5.17E-07 19.4 -0.227
0.3852444 1.82E-06 9.4 -0.138 0.143 5.339507E-02 4.54E-07 17.0 -0.170 0.257
0.3852453 2.06E-06 10.7 5.339620E-02 5.14E-07 19.3 0.082
0.3852417 2.04E-06 10.6 -0.087 0.149 5.339623E-02 4.64E-07 17.4 -0.060 0.253
0.3852448 2.00E-06 10.4 5.339690E-02 4.64E-07 17.4 0.131
0.3852384 1.84E-06 9.6 -0.103 0.141 5.339707E-02 5.29E-07 19.8 -0.003 0.272
0.3852399 1.99E-06 10.3 5.339727E-02 5.31E-07 19.9 0.069
0.3852389 1.84E-06 9.6 0.029 0.144 5.339795E-02 4.72E-07 17.7 0.143 0.266
0.3852357 2.15E-06 11.2 5.339710E-02 5.27E-07 19.7 -0.032
0.3852364 1.96E-06 10.2 0.030 0.156 5.339567E-02 4.51E-07 16.9 -0.095 0.265
0.3852348 2.40E-06 12.5 5.339525E-02 5.62E-07 21.1 -0.346
0.3852251 1.88E-06 9.8 -0.218 0.154 5.339592E-02 4.56E-07 17.1 0.029 0.270
0.3852322 2.17E-06 11.3 5.339628E-02 5.53E-07 20.7 0.193
0.3852326 1.90E-06 9.9 5.339945E-02 4.59E-07 17.2
0.3852268 2.00E-06 10.4 -0.091 0.146 5.339563E-02 4.67E-07 17.5 -0.329 0.245
0.3852280 2.03E-06 10.5 5.339532E-02 4.57E-07 17.1 -0.773
0.3852265 2.00E-06 10.4 -0.049 0.150 5.339735E-02 4.69E-07 17.6 0.261 0.241
0.3852288 2.12E-06 11.0 5.339659E-02 4.27E-07 16.0 0.238
0.3852208 1.76E-06 9.9 5.339348E-02 4.89E-07 17.2
















± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data
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62Ni/58Ni normalised data
0.3852330 1.63E-06 8.5 1.674221E-02 1.15E-07 13.7
0.3852278 1.69E-06 8.8 -0.035 0.120 1.674259E-02 1.07E-07 12.8 0.140 0.191
0.3852253 1.51E-06 7.8 -0.200 1.674250E-02 1.23E-07 14.7 0.173
0.3852177 1.85E-06 9.6 -0.062 0.129 1.674266E-02 1.08E-07 12.9 0.128 0.195
0.3852149 1.81E-06 9.4 -0.270 1.674239E-02 1.22E-07 14.6 -0.066
0.3852108 1.49E-06 7.7 -0.056 0.118 1.674238E-02 1.10E-07 13.1 0.042 0.191
0.3852110 1.59E-06 8.3 -0.101 1.674223E-02 1.10E-07 13.1 -0.096
0.3852048 1.50E-06 7.8 -0.092 0.115 1.674219E-02 1.25E-07 14.9 0.003 0.206
0.3852057 1.65E-06 8.6 -0.138 1.674214E-02 1.26E-07 15.1 -0.054
0.3852030 1.42E-06 7.4 -0.025 0.111 1.674198E-02 1.12E-07 13.4 -0.108 0.201
0.3852022 1.54E-06 8.0 -0.091 1.674218E-02 1.25E-07 14.9 0.024
0.3852084 1.68E-06 8.7 0.088 0.135 1.674252E-02 1.07E-07 12.8 0.072 0.200
0.3852078 2.35E-06 12.2 0.145 1.674262E-02 1.33E-07 15.9 0.263
0.3851994 1.40E-06 7.3 -0.161 0.130 1.674246E-02 1.08E-07 12.9 -0.021 0.204
0.3852034 1.76E-06 9.1 -0.114 1.674237E-02 1.31E-07 15.6 -0.149
0.3851925 1.48E-06 7.7 1.674162E-02 1.09E-07 13.0
0.3852020 1.75E-06 9.1 0.129 0.124 1.674253E-02 1.11E-07 13.3 0.251 0.185
0.3852016 1.78E-06 9.2 0.236 1.674260E-02 1.08E-07 12.9 0.585
0.3851936 1.77E-06 9.2 -0.178 0.131 1.674212E-02 1.11E-07 13.3 -0.197 0.182
0.3851993 1.83E-06 9.5 -0.060 1.674230E-02 1.01E-07 12.1 -0.179
0.3852029 1.19E-06 7.7 1.674304E-02 1.16E-07 13.0
0.3852018 1.25E-06 6.5 -0.034 0.097 1.674316E-02 1.05E-07 12.5 0.069 0.183





EICHROM TEVA SPEC RESIN
April 1st 2008
Ni std SRM 986 2 (6562)
Brenham 1 (6563)
Ni std SRM 986 3 (6564)
Brenham 2 (6565)
Ni std SRM 986 4 (6566)
Brenham 3 (6567)
Ni std SRM 986 5 (6568)
Brenham 4 (6569)
Ni std SRM 986 6 (6570)
Brenham 5 (6571)
Ni std SRM 986 7 (6572)
Brenham 6 (6573)
Ni std SRM 986 8 (6574)
Brenham 7 (6575)
Ni std SRM 986 9 (6576)
Ni std SRM 986 2 (6636)
Brenham 8 (6637)
Ni std SRM 986 3 (6638)
Brenham 9 (6639)
Ni std SRM 986 4 (6640)
Ni std SRM 986 1 (6676)
Brenham 10 (6677)





Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se




























EICHROM TEVA SPEC RESIN
April 1st 2008
Ni std SRM 986 2 (6562)
Brenham 1 (6563)
Ni std SRM 986 3 (6564)
Brenham 2 (6565)
Ni std SRM 986 4 (6566)
Brenham 3 (6567)
Ni std SRM 986 5 (6568)
Brenham 4 (6569)
Ni std SRM 986 6 (6570)
Brenham 5 (6571)
Ni std SRM 986 7 (6572)
Brenham 6 (6573)
Ni std SRM 986 8 (6574)
Brenham 7 (6575)
Ni std SRM 986 9 (6576)
Ni std SRM 986 2 (6636)
Brenham 8 (6637)
Ni std SRM 986 3 (6638)
Brenham 9 (6639)
Ni std SRM 986 4 (6640)
Ni std SRM 986 1 (6676)
Brenham 10 (6677)





± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
5.337866E-02 4.43E-07 16.6 1.673995E-02 1.23E-07 14.7
5.338002E-02 4.64E-07 17.4 0.058 0.236 1.674061E-02 1.20E-07 14.3
5.338076E-02 4.11E-07 15.4 0.393 1.674068E-02 1.32E-07 15.8
5.338285E-02 5.03E-07 18.8 0.126 0.254 1.674131E-02 1.18E-07 14.1
5.338360E-02 4.95E-07 18.5 0.532 1.674126E-02 1.33E-07 15.9
5.338472E-02 4.05E-07 15.2 0.111 0.231 1.674148E-02 1.32E-07 15.8
5.338466E-02 4.33E-07 16.2 0.199 1.674128E-02 1.30E-07 15.5
5.338637E-02 4.08E-07 15.3 0.185 0.225 1.674170E-02 1.19E-07 14.2
5.338611E-02 4.49E-07 16.8 0.272 1.674160E-02 1.29E-07 15.4
5.338686E-02 3.87E-07 14.5 0.051 0.218 1.674167E-02 1.19E-07 14.2
5.338707E-02 4.19E-07 15.7 0.180 1.674187E-02 1.39E-07 16.6
5.338537E-02 4.58E-07 17.2 -0.167 0.267 1.674183E-02 1.27E-07 15.2
5.338545E-02 6.46E-07 24.2 -0.303 1.674193E-02 1.55E-07 18.5
5.338783E-02 3.83E-07 14.3 0.332 0.256 1.674256E-02 1.22E-07 14.6
5.338667E-02 4.76E-07 17.8 0.229 1.674210E-02 1.41E-07 16.8
5.338970E-02 4.04E-07 15.1 1.674207E-02 1.23E-07 14.7
5.338710E-02 4.78E-07 17.9 -0.255 0.245 1.674245E-02 1.29E-07 15.4
5.338722E-02 4.85E-07 18.2 -0.465 1.674237E-02 1.31E-07 15.6
5.338942E-02 4.83E-07 18.1 0.352 0.258 1.674247E-02 1.29E-07 15.4
5.338786E-02 4.99E-07 18.7 0.120 1.674232E-02 1.37E-07 16.4
5.338688E-02 3.24E-07 15.1 1.674284E-02 1.14E-07 14.7

















Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
± 2 se
ppm
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± se ± se
1.821911E-02 2.51E-07 0.4077425 3.84E-06
1.820758E-02 2.05E-07 -0.249 0.4075551 3.56E-06 -0.186
1.820512E-02 1.91E-07 0.4075196 3.26E-06
1.819794E-02 1.74E-07 -0.347 0.4073969 3.46E-06 -0.258
1.820339E-02 1.85E-07 0.4074846 3.27E-06
1.819894E-02 1.48E-07 -0.227 0.4074108 2.52E-06 -0.161
1.820275E-02 1.88E-07 0.4074684 3.16E-06
1.819835E-02 1.79E-07 -0.373 0.4073979 2.67E-06 -0.262
1.820754E-02 2.05E-07 0.4075408 3.22E-06
1.819965E-02 1.46E-07 -0.395 0.4074198 2.34E-06 -0.266
1.820615E-02 1.80E-07 0.4075156 2.65E-06
1.819109E-02 1.78E-07 -0.427 0.4072855 2.97E-06 -0.292
1.819159E-02 2.55E-07 0.4072934 4.68E-06
1.819362E-02 1.56E-07 -0.084 0.4073160 2.46E-06 -0.080
1.819872E-02 2.06E-07 0.4074036 3.35E-06
1.824251E-02 1.64E-07 0.4080590 2.80E-06
1.823102E-02 1.90E-07 -0.475 0.4078787 3.33E-06 -0.331
1.823686E-02 1.85E-07 0.4079686 3.46E-06
1.823151E-02 1.81E-07 -0.321 0.4078862 3.44E-06 -0.221
1.823787E-02 1.74E-07 0.4079840 3.51E-06
1.825488E-02 1.57E-07 0.4082320 2.13E-06
1.824672E-02 1.45E-07 -0.445 0.4081054 2.37E-06 -0.306





EICHROM TEVA SPEC RESIN
April 1st 2008
Ni std SRM 986 2 (6562)
Brenham 1 (6563)
Ni std SRM 986 3 (6564)
Brenham 2 (6565)
Ni std SRM 986 4 (6566)
Brenham 3 (6567)
Ni std SRM 986 5 (6568)
Brenham 4 (6569)
Ni std SRM 986 6 (6570)
Brenham 5 (6571)
Ni std SRM 986 7 (6572)
Brenham 6 (6573)
Ni std SRM 986 8 (6574)
Brenham 7 (6575)
Ni std SRM 986 9 (6576)
Ni std SRM 986 2 (6636)
Brenham 8 (6637)
Ni std SRM 986 3 (6638)
Brenham 9 (6639)
Ni std SRM 986 4 (6640)
Ni std SRM 986 1 (6676)
Brenham 10 (6677)








Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
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Table A3.1(b) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data
0.3852490 2.11E-06 11.0 5.340920E-02 4.21E-07 15.8
0.3852368 1.86E-06 9.7 -0.079 0.143 5.340879E-02 4.63E-07 17.3 0.077 0.241
0.3852307 1.95E-06 10.1 -0.475 5.340756E-02 4.69E-07 17.6 -0.307
0.3852303 1.89E-06 9.8 0.119 0.143 5.340740E-02 4.39E-07 16.4 0.089 0.242
0.3852207 2.03E-06 10.5 -0.260 5.340629E-02 4.77E-07 17.9 -0.238
0.3852142 1.90E-06 9.9 -0.032 0.142 5.340506E-02 4.76E-07 17.8 -0.025 0.246
0.3852102 1.89E-06 9.8 -0.273 5.340410E-02 4.24E-07 15.9 -0.410
0.3852126 2.03E-06 10.5 0.043 0.147 5.340469E-02 4.44E-07 16.6 0.066 0.235
0.3852117 2.03E-06 10.5 0.039 5.340457E-02 4.59E-07 17.2 0.088
0.3852129 1.79E-06 9.3 5.340486E-02 4.75E-07 17.8
0.3852042 1.95E-06 10.1 -0.171 0.135 5.340266E-02 4.70E-07 17.6 -0.336 0.246
0.3852087 1.64E-06 8.5 -0.109 5.340405E-02 4.40E-07 16.5 -0.152
0.3852058 1.79E-06 9.3 -0.047 0.130 5.340308E-02 4.54E-07 17.0 -0.101 0.236
0.3852065 1.84E-06 9.6 -0.057 5.340319E-02 4.35E-07 16.3 -0.161
0.3852054 1.80E-06 9.3 0.036 0.132 5.340330E-02 4.55E-07 17.0 0.193 0.239
0.3852015 1.73E-06 9.0 -0.130 5.340135E-02 4.56E-07 17.1 -0.345
0.3852008 2.02E-06 10.5 -0.032 0.138 5.340189E-02 4.40E-07 16.5 0.063 0.232
0.3852026 1.73E-06 9.0 0.029 5.340176E-02 4.16E-07 15.6 0.077
ANION AG 1X4
April 14th 2008
Ni std SRM 986 1 (6949)
Brenham 1 (6950)
Ni std SRM 986 2 (6951)
Brenham 2 (6952)
Ni std SRM 986 2 (6953)
Brenham 3 (6954)
Ni std SRM 986 4 (6955)
Brenham 4 (6956)
Ni std SRM 986 5 (6957)
retune after this
Ni std SRM 986 6 (6958)
Brenham 5 (6959)
Ni std SRM 986 7 (6960)
Brenham 6 (6961)
Ni std SRM 986 8 (6962)
Brenham 7 (6963)
Ni std SRM 986 9 (6964)
Brenham 8 (6965)
Ni std SRM 986 10 (6966)
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Ni std SRM 986 11 (6958) 0.3852033 2.00E-06 10.4 5.340175E-02 4.62E-07 17.3
Brenham 9 (6959) 0.3851959 1.80E-06 9.3 -0.162 0.135 5.339967E-02 5.01E-07 18.8 -0.294 0.253
Ni std SRM 986 12 (6960) 0.3852010 1.73E-06 9.0 -0.060 5.340073E-02 4.43E-07 16.6 -0.191
Brenham 10 (6961) 0.3851908 1.98E-06 10.3 -0.238 0.140 5.339833E-02 4.43E-07 16.6 -0.512 0.232
Ni std SRM 986 13 (6962) 0.3851989 1.94E-06 10.1 -0.055 5.340140E-02 4.19E-07 15.7 0.125
Brenham 11 (6963) 0.3851988 2.11E-06 11.0 -0.012 0.154 5.339999E-02 4.67E-07 17.5 -0.127 0.240
Ni std SRM 986 14 (6964) 0.3851996 2.20E-06 11.4 0.018 5.339994E-02 4.56E-07 17.1 -0.273
Brenham 12 (6965) 0.3851970 2.10E-06 10.9 -0.042 0.158 5.339947E-02 4.65E-07 17.4 -0.115 0.249
Ni std SRM 986 14 (6966) 0.3851976 2.21E-06 11.5 -0.052 5.340023E-02 4.90E-07 18.4 0.054
Ni std SRM 986 17 (6980) 0.3851988 1.80E-06 9.3 5.339959E-02 4.56E-07 17.1
Brenham 13 (6981) 0.3851987 1.73E-06 9.0 -0.043 0.128 5.339887E-02 4.48E-07 16.8 -0.007 0.241
Ni std SRM 986 18 (6982) 0.3852019 1.73E-06 9.0 0.080 5.339823E-02 4.57E-07 17.1 -0.255
mean (anion) -0.051 -0.079
2 sd 0.192 0.400
2 se 0.053 0.111
n 13 13
Table A3.1 (b) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through  Anion AG 1X4 column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data
APPENDIX 3: MC-ICPMS data
K. Andrews  2009 344
0.3851682 2.15E-06 11.2 1.673931E-02 9.97E-08 11.9
0.3851615 1.84E-06 9.6 -0.036 0.137 1.673941E-02 1.10E-07 13.1 -0.057 0.182
0.3851576 1.61E-06 8.4 -0.275 1.673970E-02 1.11E-07 13.3 0.233
0.3851570 1.79E-06 9.3 0.042 0.129 1.673974E-02 1.04E-07 12.4 -0.066 0.183
0.3851532 1.82E-06 9.5 -0.114 1.674000E-02 1.13E-07 13.5 0.179
0.3851545 1.85E-06 9.6 0.025 0.132 1.674029E-02 1.13E-07 13.5 0.018 0.186
0.3851539 1.67E-06 8.7 0.018 1.674052E-02 1.00E-07 11.9 0.311
0.3851521 1.65E-06 8.6 -0.043 0.124 1.674038E-02 1.05E-07 12.5 -0.051 0.177
0.3851536 1.80E-06 9.3 -0.008 1.674041E-02 1.09E-07 13.0 -0.066
0.3851517 1.26E-06 6.5 1.674034E-02 1.13E-07 13.5
0.3851501 1.50E-06 7.8 -0.017 0.102 1.674086E-02 1.11E-07 13.3 0.254 0.186
0.3851498 1.28E-06 6.6 -0.049 1.674053E-02 1.04E-07 12.4 0.113
0.3851486 1.50E-06 7.8 -0.038 0.105 1.674074E-02 1.09E-07 13.0 0.066 0.180
0.3851503 1.43E-06 7.4 0.013 1.674073E-02 1.03E-07 12.3 0.119
0.3851510 1.39E-06 7.2 -0.026 0.107 1.674071E-02 1.08E-07 12.9 -0.143 0.180
0.3851537 1.59E-06 8.3 0.088 1.674117E-02 1.08E-07 12.9 0.263
0.3851516 1.56E-06 8.1 -0.049 0.112 1.674104E-02 1.04E-07 12.4 -0.048 0.175
0.3851533 1.37E-06 7.1 -0.010 1.674107E-02 9.87E-08 11.8 -0.060
ANION AG 1X4
April 14th 2008
Ni std SRM 986 1 (6949)
Brenham 1 (6950)
Ni std SRM 986 2 (6951)
Brenham 2 (6952)
Ni std SRM 986 2 (6953)
Brenham 3 (6954)
Ni std SRM 986 4 (6955)
Brenham 4 (6956)
Ni std SRM 986 5 (6957)
Ni std SRM 986 6 (6958)
Brenham 5 (6959)
Ni std SRM 986 7 (6960)
Brenham 6 (6961)
Ni std SRM 986 8 (6962)
Brenham 7 (6963)
Ni std SRM 986 9 (6964)
Brenham 8 (6965)
Ni std SRM 986 10 (6966)
62Ni/58Ni normalised data
Table A3.1 (b)  (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
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0.3851525 1.55E-06 8.0 1.674108E-02 1.10E-07 13.1
0.3851528 1.82E-06 9.5 -0.030 0.127 1.674157E-02 1.19E-06 142.2 0.221 1.427
0.3851554 1.70E-06 8.8 0.075 1.674132E-02 1.05E-07 12.5 0.143
0.3851548 1.92E-06 10.0 0.045 0.134 1.674189E-02 1.05E-07 12.5 0.388 0.175
0.3851507 1.76E-06 9.1 -0.122 1.674116E-02 9.93E-08 11.9 -0.096
0.3851578 1.89E-06 9.8 0.106 0.142 1.674149E-02 1.11E-07 13.3 0.093 0.182
0.3851567 2.17E-06 11.3 0.156 1.674151E-02 1.08E-07 12.9 0.209
0.3851569 2.19E-06 11.4 0.017 0.161 1.674162E-02 1.10E-07 13.1 0.090 0.188
0.3851558 2.24E-06 11.6 -0.023 1.674143E-02 1.16E-07 13.9 -0.048
0.3851581 1.47E-06 7.6 1.674159E-02 1.08E-07 12.9
0.3851604 1.40E-06 7.3 -0.004 0.105 1.674176E-02 1.06E-06 126.6 0.006 1.273





Ni std SRM 986 11 (6958)
Brenham 9 (6959)
Ni std SRM 986 12 (6960)
Brenham 10 (6961)
Ni std SRM 986 13 (6962)
Brenham 11 (6963)
Ni std SRM 986 14 (6964)
Brenham 12 (6965)
Ni std SRM 986 14 (6966)
Ni std SRM 986 17 (6980)
Brenham 13 (6981)






Table A3.1 (b)  (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
APPENDIX 3: MC-ICPMS data
± 2 se
ppm
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APPENDIX 3: MC-ICPMS data
± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986) 
5.339633E-02 5.88E-07 22.0 1.674101E-02 1.37E-07 16.4
5.339818E-02 5.02E-07 18.8 0.074 0.270 1.674180E-02 1.20E-07 14.3 0.116 0.213
5.339924E-02 4.38E-07 16.4 0.545 1.674220E-02 1.26E-07 15.1 0.711
5.339939E-02 4.89E-07 18.3 -0.083 0.254 1.674222E-02 1.22E-07 14.6 -0.179 0.212
5.340043E-02 4.98E-07 18.7 0.223 1.674284E-02 1.32E-07 15.8 0.382
5.340008E-02 5.05E-07 18.9 -0.047 0.260 1.674327E-02 1.23E-07 14.7 0.054 0.211
5.340023E-02 4.56E-07 17.1 -0.037 1.674352E-02 1.22E-07 14.6 0.406
5.340074E-02 4.49E-07 16.8 0.087 0.244 1.674337E-02 1.31E-07 15.6 -0.063 0.218
5.340032E-02 4.91E-07 18.4 0.017 1.674343E-02 1.32E-07 15.8 -0.054
5.340083E-02 3.44E-07 12.9 1.674335E-02 1.16E-07 13.9
5.340128E-02 4.10E-07 15.4 0.083 0.201 1.674391E-02 1.26E-07 15.1 0.230 0.201
5.340135E-02 3.49E-07 13.1 0.097 1.674362E-02 1.06E-07 12.7 0.161
5.340169E-02 4.10E-07 15.4 0.077 0.207 1.674381E-02 1.16E-07 13.9 0.072 0.193
5.340121E-02 3.91E-07 14.6 -0.026 1.674376E-02 1.19E-07 14.2 0.084
5.340104E-02 3.80E-07 14.2 0.053 0.210 1.674383E-02 1.16E-07 13.9 -0.057 0.196
5.340030E-02 4.33E-07 16.2 -0.170 1.674409E-02 1.12E-07 13.4 0.197
5.340088E-02 4.25E-07 15.9 0.100 0.220 1.674413E-02 1.31E-07 15.6 0.048 0.206
5.340039E-02 3.73E-07 14.0 0.017 1.674401E-02 1.12E-07 13.4 -0.048
ANION AG 1X4
April 14th 2008
Ni std SRM 986 1 (6949)
Brenham 1 (6950)
Ni std SRM 986 2 (6951)
Brenham 2 (6952)
Ni std SRM 986 2 (6953)
Brenham 3 (6954)
Ni std SRM 986 4 (6955)
Brenham 4 (6956)
Ni std SRM 986 5 (6957)
Ni std SRM 986 6 (6958)
Brenham 5 (6959)
Ni std SRM 986 7 (6960)
Brenham 6 (6961)
Ni std SRM 986 8 (6962)
Brenham 7 (6963)
Ni std SRM 986 9 (6964)
Brenham 8 (6965)
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5.340061E-02 4.22E-07 15.8 1.674397E-02 1.29E-07 15.4
5.340054E-02 4.97E-07 18.6 0.035 0.249 1.674445E-02 1.17E-07 14.0 0.194 0.201
5.339983E-02 4.63E-07 17.3 -0.146 1.674412E-02 1.12E-07 13.4 0.090
5.339998E-02 5.23E-07 19.6 -0.093 0.256 1.674478E-02 1.28E-07 15.3 0.352 0.209
5.340112E-02 4.18E-07 15.7 0.242 1.674426E-02 1.26E-07 15.0 0.084
5.339917E-02 5.17E-07 19.4 -0.213 0.273 1.674426E-02 1.37E-07 16.4 0.015 0.230
5.339949E-02 5.92E-07 22.2 -0.305 1.674421E-02 1.43E-07 17.1 -0.030
5.339943E-02 5.98E-07 22.4 -0.034 0.318 1.674438E-02 1.36E-07 16.2 0.063 0.236
5.339973E-02 6.11E-07 22.9 0.045 1.674434E-02 1.43E-07 17.1 0.078
5.339909E-02 4.01E-07 15.0 1.674426E-02 1.17E-07 14.0
5.339846E-02 3.82E-07 14.3 -0.025 0.207 1.674426E-02 1.12E-07 13.4 0.024 0.191





Ni std SRM 986 11 (6958)
Brenham 9 (6959)
Ni std SRM 986 12 (6960)
Brenham 10 (6961)
Ni std SRM 986 13 (6962)
Brenham 11 (6963)
Ni std SRM 986 14 (6964)
Brenham 12 (6965)
Ni std SRM 986 14 (6966)
Ni std SRM 986 17 (6980)
Brenham 13 (6981)





± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
± 2 se
ppm
K. Andrews  2009 348







Table A3.1 (b) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Anion AG 1X4 column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION AG 1X4
14/4/08
Ni std SRM 986 1 (6949)
Brenham 1 (6950)
Ni std SRM 986 2 (6951)
Brenham 2 (6952)
Ni std SRM 986 2 (6953)
Brenham 3 (6954)
Ni std SRM 986 4 (6955)
Brenham 4 (6956)
Ni std SRM 986 5 (6957)
retune after this
Ni std SRM 986 6 (6958)
Brenham 5 (6959)
Ni std SRM 986 7 (6960)
Brenham 6 (6961)
Ni std SRM 986 8 (6962)
Brenham 7 (6963)
Ni std SRM 986 9 (6964)
Brenham 8 (6965)
Ni std SRM 986 10 (6966)
1.833341E-02 5.30E-07 0.4094382 8.50E-06
1.832545E-02 4.41E-07 -0.106 0.4093053 6.96E-06 -0.082
1.832136E-02 3.75E-07 0.4092394 5.39E-06
1.831365E-02 2.66E-07 -0.505 0.4091238 4.53E-06 -0.324
1.832446E-02 3.21E-07 0.4092736 5.04E-06
1.831574E-02 4.32E-07 -0.204 0.4091412 6.67E-06 -0.139
1.831451E-02 3.54E-07 0.4091226 5.80E-06
1.831079E-02 4.46E-07 -0.463 0.4090622 6.99E-06 -0.315
1.832405E-02 7.00E-07 0.4092592 1.05E-05
1.828795E-02 2.14E-07 0.4087164 3.34E-06
1.828099E-02 2.29E-07 -0.418 0.4086064 3.48E-06 -0.288
1.828932E-02 3.00E-07 0.4087319 4.60E-06
1.828913E-02 2.94E-07 -0.230 0.4087267 4.51E-06 -0.153
1.829736E-02 2.52E-07 0.4088462 3.85E-06
1.828993E-02 2.97E-07 -0.504 0.4087404 4.57E-06 -0.322
1.830095E-02 2.73E-07 0.4088981 4.34E-06
1.830116E-02 3.96E-07 -0.126 0.4088996 6.23E-06 -0.092
1.830600E-02 2.86E-07 0.4089760 4.29E-06
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1.830723E-02 2.14E-07 0.4089980 3.63E-06
1.830852E-02 3.17E-07 0.031 0.4090125 5.01E-06 0.008
1.830868E-02 3.68E-07 0.4090203 5.69E-06
1.830701E-02 5.03E-07 -0.205 0.4089819 8.03E-06 -0.165
1.831283E-02 2.22E-07 0.4090788 4.02E-06
1.830993E-02 2.59E-07 -0.369 0.4090336 4.37E-06 -0.253
1.832054E-02 2.92E-07 0.4091952 5.10E-06
1.830968E-02 3.19E-07 -0.535 0.4090312 5.32E-06 -0.356
1.831841E-02 2.72E-07 0.4091589 5.16E-06
1.828514E-02 2.50E-07 0.4086663 3.90E-06
1.828017E-02 2.53E-07 -0.270 0.4085912 4.01E-06 -0.180





Ni std SRM 986 11 (6958)
Brenham 9 (6959)
Ni std SRM 986 12 (6960)
Brenham 10 (6961)
Ni std SRM 986 13 (6962)
Brenham 11 (6963)
Ni std SRM 986 14 (6964)
Brenham 12 (6965)
Ni std SRM 986 14 (6966)
Ni std SRM 986 17 (6980)
Brenham 13 (6981)





± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
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Table A3.1 (a) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data




in redEICHROM TEVA A
July 26th 2007
Aristar Ni std 0.3851815 1.83E-06 9.5 5.338105E-02 4.65E-07 17.4
Brenham 1 0.3851842 2.56E-06 13.3 0.064 0.168 5.338140E-02 4.76E-07 17.8 -0.091 0.256
Aristar Ni std 0.3851820 2.11E-06 11.0 0.013 5.338272E-02 5.12E-07 19.2 0.313
Aristar Ni std 0.3851849 2.07E-06 10.7 5.338299E-02 5.02E-07 18.8
Brenham 2 0.3851763 2.04E-06 10.6 -0.058 0.148 5.338168E-02 5.12E-07 19.2 -0.083 0.268
Aristar Ni std 0.3851722 1.91E-06 9.9 -0.330 5.338126E-02 4.95E-07 18.5 -0.324
Brenham 3 0.3851698 2.05E-06 10.6 0.004 0.149 5.337931E-02 5.57E-07 20.9 -0.245 0.275
Aristar Ni std 0.3851671 2.09E-06 10.9 -0.132 5.337998E-02 4.59E-07 17.2 -0.240
Aristar Ni std 0.3851742 2.19E-06 11.4 5.337977E-02 5.14E-07 19.3
Brenham 4 0.3851660 2.07E-06 10.7 -0.175 0.156 5.337859E-02 5.01E-07 18.8 -0.229 0.270
Aristar Ni std 0.3851713 2.19E-06 11.4 -0.075 5.337986E-02 5.23E-07 19.6 0.017
Brenham 5 0.3851708 2.30E-06 11.9 -0.019 0.165 5.337856E-02 5.42E-07 20.3 -0.084 0.276
Aristar Ni std 0.3851718 2.18E-06 11.3 0.013 5.337816E-02 4.71E-07 17.6 -0.318
Aristar Ni std 0.3851677 2.01E-06 10.4 5.337802E-02 4.72E-07 17.7
Brenham 6 0.3851688 2.01E-06 10.4 0.044 0.146 5.337871E-02 4.28E-07 16.0 0.141 0.231
Aristar Ni std 0.3851665 1.93E-06 10.0 -0.031 5.337789E-02 4.11E-07 15.4
Brenham 7 0.3851664 2.07E-06 10.7 -0.003 0.149 5.337837E-02 5.00E-07 18.7 0.125 0.249
Aristar Ni std 0.3851665 2.02E-06 10.5 0.000 5.337752E-02 4.62E-07 17.3 -0.069
Brenham 8 0.3851694 1.91E-06 9.9 0.069 0.145 5.337893E-02 4.76E-07 17.8 0.208 0.246
Aristar Ni std 0.3851670 2.07E-06 10.7 5.337812E-02 4.41E-07 16.5
mean (TEVA A) -0.011 -0.013
2 sd 0.149 0.342
2 se 0.050 0.114
n 9 9
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
APPENDIX 3: MC-ICPMS data
0.3852074 1.91E-06 9.9 1.674599E-02 1.10E-07 13.1
0.3852075 2.38E-06 12.4 0.069 0.158 1.674590E-02 1.13E-07 13.5 0.066 0.194
0.3852023 1.90E-06 9.9 -0.132 1.674559E-02 1.22E-07 14.6 -0.239
0.3852037 1.71E-06 8.9 1.674552E-02 1.19E-07 14.2
0.3851990 1.74E-06 9.0 -0.051 0.123 1.674584E-02 1.22E-07 14.6 0.066 0.203
0.3851982 1.50E-06 7.8 -0.143 1.674594E-02 1.17E-07 14.0 0.251
0.3852015 1.76E-06 9.1 0.078 0.121 1.674640E-02 1.32E-07 15.8 0.185 0.208
0.3851988 1.54E-06 8.0 0.016 1.674624E-02 1.09E-07 13.0 0.179
0.3852041 1.80E-06 9.3 1.674629E-02 1.22E-07 14.6
0.3852004 1.92E-06 10.0 -0.053 0.143 1.674657E-02 1.19E-07 14.2 0.173 0.204
0.3852008 2.13E-06 11.1 -0.086 1.674627E-02 1.24E-07 14.8 -0.012
0.3852052 2.13E-06 11.1 0.030 0.154 1.674658E-02 1.29E-07 15.4 0.066 0.209
0.3852073 1.98E-06 10.3 0.169 1.674667E-02 1.12E-07 13.4 0.239
0.3852056 2.03E-06 10.5 1.674670E-02 1.12E-07 13.4
0.3852033 1.96E-06 10.2 -0.055 0.143 1.674654E-02 1.02E-07 12.2 -0.104 0.175
0.3852052 1.83E-06 9.5 1.674673E-02 9.76E-08 11.7
0.3852046 1.86E-06 9.7 -0.043 0.139 1.674662E-02 1.19E-07 14.2 -0.093 0.189
0.3852073 2.00E-06 10.4 0.055 1.674682E-02 1.10E-07 13.1 0.054
0.3852047 1.81E-06 9.4 -0.047 0.133 1.674649E-02 1.13E-07 13.5 -0.155 0.186
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
5.338563E-02 5.21E-07 19.5 1.674538E-02 1.18E-07 14.1
5.338562E-02 6.49E-07 24.3 -0.133 0.312 1.674520E-02 1.65E-07 19.7 -0.099 0.249
5.338703E-02 5.19E-07 19.4 0.262 1.674535E-02 1.36E-07 16.2 -0.018
5.338665E-02 4.66E-07 17.5 1.674516E-02 1.34E-07 16.0
5.338793E-02 4.74E-07 17.8 0.098 0.242 1.674570E-02 1.33E-07 15.9 0.078 0.221
5.338816E-02 4.10E-07 15.4 0.283 1.674598E-02 1.24E-07 14.8 0.490
5.338726E-02 4.81E-07 18.0 -0.152 0.238 1.674614E-02 1.32E-07 15.8 -0.003 0.221
5.338798E-02 4.19E-07 15.7 -0.034 1.674631E-02 1.35E-07 16.1 0.197
5.338655E-02 4.91E-07 18.4 1.674585E-02 1.42E-07 17.0
5.338756E-02 5.23E-07 19.6 0.105 0.281 1.674638E-02 1.34E-07 16.0 0.260 0.233
5.338745E-02 5.80E-07 21.7 0.169 1.674604E-02 1.42E-07 17.0 0.113
5.338625E-02 5.81E-07 21.8 -0.057 0.303 1.674607E-02 1.49E-07 17.8 0.027 0.245
5.338566E-02 5.41E-07 20.3 -0.335 1.674601E-02 1.41E-07 16.8 -0.018
5.338614E-02 5.53E-07 20.7 1.674628E-02 1.30E-07 15.5
5.338677E-02 5.35E-07 20.0 0.109 0.281 1.674620E-02 1.30E-07 15.5 -0.069 0.217
5.338624E-02 5.00E-07 18.7 1.674635E-02 1.25E-07 14.9
5.338641E-02 5.08E-07 19.0 0.086 0.273 1.674636E-02 1.34E-07 16.0 0.006 0.221
5.338566E-02 5.47E-07 20.5 -0.109 1.674635E-02 1.31E-07 15.6 0.000
5.338638E-02 4.95E-07 18.5 0.094 0.263 1.674616E-02 1.23E-07 14.7 -0.105 0.216
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 



























1.825045E-02 1.95E-07 4.081226E-01 3.52E-06
1.824515E-02 1.92E-07 -0.550 4.081416E-01 4.24E-06 -0.131
1.825994E-02 1.78E-07 4.082676E-01 3.27E-06
1.826626E-02 1.74E-07 4.083613E-01 2.86E-06
1.826597E-02 1.62E-07 -0.078 4.083482E-01 2.98E-06 -0.060
1.826852E-02 1.55E-07 4.083839E-01 2.51E-06
1.826438E-02 1.89E-07 -0.095 4.083167E-01 2.89E-06 -0.073
1.826370E-02 1.40E-07 4.083088E-01 2.60E-06
1.823587E-02 1.89E-07 4.078957E-01 3.45E-06
1.823534E-02 1.88E-07 -0.047 4.078808E-01 3.45E-06 -0.043
1.823652E-02 1.94E-07 4.079006E-01 3.71E-06
1.823028E-02 1.95E-07 -0.187 4.078083E-01 3.75E-06 -0.226
1.823087E-02 1.85E-07 4.078176E-01 3.63E-06
1.823036E-02 1.87E-07 4.078053E-01 3.68E-06
1.822927E-02 1.81E-07 -0.001 4.077941E-01 3.53E-06 -0.027
1.822820E-02 1.77E-07 4.077739E-01 3.38E-06
1.823147E-02 1.77E-07 0.219 4.078234E-01 3.28E-06 0.144
1.822675E-02 1.98E-07 4.077552E-01 3.94E-06
1.822969E-02 1.75E-07 0.038 4.078007E-01 3.17E-06 0.032
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EICHROM TEVA A
Table A3.1 (a) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Aristar Ni std 0.3851828 1.90E-06 9.9 5.339575E-02 4.72E-07 17.7
Brenham 1 0.3851782 1.67E-06 8.7 -0.132 0.129 5.339405E-02 4.58E-07 17.2 -0.286 0.243
Aristar Ni std 0.3851838 1.76E-06 9.1 0.026 5.339540E-02 4.43E-07 16.6 -0.066
Brenham 2 0.3851801 1.76E-06 9.1 -0.071 0.112 5.339475E-02 4.46E-07 16.7 -0.071 0.204
Aristar Ni std 0.3851819 1.90E-06 9.9 -0.049 5.339486E-02 4.68E-07 17.5 -0.101
Brenham 3 0.3851783 1.90E-06 9.9 -0.086 0.138 5.339429E-02 5.22E-07 19.6 -0.040 0.256
Aristar Ni std 0.3851813 1.79E-06 9.3 -0.016 5.339415E-02 4.13E-07 15.5 -0.133
Brenham 4 0.3851770 1.89E-06 9.8 -0.125 0.135 5.339335E-02 4.93E-07 18.5 -0.162 0.248
Aristar Ni std 0.3851823 1.80E-06 9.3 0.026 5.339428E-02 4.70E-07 17.6 0.024
Brenham 5 0.3851790 1.89E-06 9.8 -0.079 0.118 5.339312E-02 4.98E-07 18.7 -0.140 0.224
Aristar Ni std 0.3851818 1.92E-06 10.0 -0.013 5.339345E-02 4.17E-07 15.6 -0.155
Brenham 6 0.3851803 1.88E-06 9.8 -0.022 0.138 5.339389E-02 5.12E-07 19.2 0.032 0.254
Aristar Ni std 0.3851805 1.85E-06 9.6 -0.034 5.339399E-02 4.72E-07 17.7 0.101
Brenham 7 0.3851775 1.97E-06 10.2 -0.060 0.139 5.339401E-02 4.91E-07 18.4 0.055 0.248
Aristar Ni std 0.3851791 1.80E-06 9.3 -0.036 5.339344E-02 4.11E-07 15.4 -0.103
Brenham 8 0.3851756 1.96E-06 10.2 -0.080 0.136 5.339295E-02 5.03E-07 18.8 -0.115 0.218
Aristar Ni std 0.3851783 1.67E-06 8.7 -0.021 5.339369E-02 4.09E-07 15.3 0.047
mean (TEVA A) -0.044 -0.049
2 sd 0.137 0.294
2 se 0.033 0.071
n 17 17
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62Ni/58Ni normalised data
EICHROM TEVA B
Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
APPENDIX 3: MC-ICPMS data
0.3851552 1.55E-06 8.0 1.674250E-02 1.12E-07 13.4
0.3851567 1.52E-06 7.9 0.005 0.111 1.674290E-02 1.09E-07 13.0 0.215 0.184
0.3851578 1.46E-06 7.6 0.068 1.674258E-02 1.05E-07 12.5 0.048
0.3851538 1.74E-06 9.0 -0.104 0.105 1.674274E-02 1.06E-07 12.7 0.096 0.155
0.3851584 1.56E-06 8.1 0.016 1.674271E-02 1.11E-07 13.3 0.078
0.3851577 1.61E-06 8.4 -0.026 0.118 1.674284E-02 1.24E-07 14.8 0.027 0.194
0.3851590 1.67E-06 8.7 0.016 1.674288E-02 9.79E-08 11.7 0.102
0.3851591 1.59E-06 8.3 -0.027 0.123 1.674307E-02 1.17E-07 14.0 0.122 0.188
0.3851613 1.82E-06 9.5 0.060 1.674285E-02 1.11E-07 13.3 -0.018
0.3851586 1.56E-06 8.1 -0.070 0.105 1.674312E-02 1.18E-07 14.1 0.161 0.169
0.3851607 1.81E-06 9.4 -0.016 1.674304E-02 9.88E-08 11.8 0.113
0.3851580 1.56E-06 8.1 -0.086 0.121 1.674294E-02 1.21E-07 14.5 -0.021 0.192
0.3851619 1.65E-06 8.6 0.031 1.674291E-02 1.12E-07 13.4 -0.078
0.3851576 1.44E-06 7.5 -0.084 0.112 1.674289E-02 1.16E-07 13.9 -0.054 0.187
0.3851598 1.54E-06 8.0 -0.055 1.674305E-02 9.75E-08 11.6 0.084
0.3851586 1.38E-06 7.2 -0.031 0.091 1.674316E-02 1.19E-07 14.2 0.066 0.164
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EICHROM TEVA SPEC RESIN
± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
5.339988E-02 4.24E-07 15.9 1.674530E-02 1.23E-07 14.7
5.339948E-02 4.14E-07 15.5 -0.010 0.219 1.674560E-02 1.08E-07 12.9 0.200 0.192
5.339919E-02 3.98E-07 14.9 -0.129 1.674523E-02 1.14E-07 13.6 -0.042
5.340028E-02 4.75E-07 17.8 0.204 0.207 1.674547E-02 1.14E-07 13.6 0.143 0.167
5.339901E-02 4.26E-07 16.0 -0.034 1.674536E-02 1.23E-07 14.7 0.078
5.339913E-02 4.38E-07 16.4 0.037 0.233 1.674559E-02 1.23E-07 14.7 0.128 0.205
5.339886E-02 4.55E-07 17.0 -0.028 1.674539E-02 1.16E-07 13.9 0.018
5.339883E-02 4.35E-07 16.3 0.054 0.241 1.674567E-02 1.22E-07 14.6 0.185 0.201
5.339822E-02 4.96E-07 18.6 -0.120 1.674533E-02 1.17E-07 14.0 -0.036
5.339897E-02 4.26E-07 16.0 0.140 0.207 1.674554E-02 1.22E-07 14.6 0.125 0.176
5.339840E-02 4.94E-07 18.5 0.034 1.674536E-02 1.24E-07 14.8 0.018
5.339912E-02 4.25E-07 15.9 0.168 0.238 1.674546E-02 1.22E-07 14.6 0.036 0.206
5.339805E-02 4.51E-07 16.9 -0.066 1.674544E-02 1.20E-07 14.3 0.048
5.339923E-02 3.93E-07 14.7 0.166 0.220 1.674564E-02 1.27E-07 15.2 0.093 0.207
5.339864E-02 4.19E-07 15.7 0.110 1.674553E-02 1.17E-07 14.0 0.054
5.339896E-02 3.77E-07 14.1 0.060 0.180 1.674576E-02 1.27E-07 15.2 0.137 0.181
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± se ± se




Table A3.1 (a) (continued) MC-ICPMS data for Brenham Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 























1.817190E-02 1.64E-07 4.069431E-01 2.82E-06
1.817195E-02 1.64E-07 0.126 4.069384E-01 2.66E-06 0.069
1.816742E-02 1.77E-07 4.068772E-01 2.77E-06
1.817583E-02 1.79E-07 0.463 4.069970E-01 3.11E-06 0.292
1.816775E-02 1.59E-07 4.068794E-01 2.88E-06
1.817600E-02 1.57E-07 0.519 4.070039E-01 2.56E-06 0.346
1.816540E-02 1.82E-07 4.068470E-01 3.12E-06
1.817485E-02 1.67E-07 0.504 4.069814E-01 2.76E-06 0.320
1.816600E-02 1.71E-07 4.068557E-01 3.15E-06
1.817645E-02 1.65E-07 0.575 4.070068E-01 3.12E-06 0.333
1.816828E-02 1.63E-07 4.068872E-01 3.18E-06
1.817770E-02 1.89E-07 0.517 4.070284E-01 2.86E-06 0.344
1.816832E-02 1.84E-07 4.068894E-01 3.04E-06
1.818056E-02 1.45E-07 0.593 4.070689E-01 2.40E-06 0.391
1.817125E-02 1.53E-07 4.069300E-01 2.69E-06
1.818044E-02 1.54E-07 0.506 4.070646E-01 2.49E-06 0.322
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Table A3.1(a) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 3 (7028) 0.3852039 1.98E-06 10.3 5.339632E-02 4.85E-07 18.2
Esquel T 1 (7029) 0.3851953 2.04E-06 10.6 -0.109 0.149 5.339387E-02 4.65E-07 17.4 -0.307 0.244
Ni std SRM 986 4 (7030) 0.3851951 2.04E-06 10.6 0.228 5.339470E-02 4.22E-07 15.8 -0.303
Esquel T 2 (7031) 0.3851984 2.01E-06 10.4 0.066 0.149 5.339529E-02 4.68E-07 17.5 0.069 0.244
Ni std SRM 986 8 (7032) 0.3851966 2.07E-06 10.7 0.039 5.339514E-02 4.83E-07 18.1 0.082
Ni std SRM 986 1 (7033) 0.3851997 2.01E-06 10.4 5.339339E-02 4.85E-07 18.2
Esquel T 3 (7034) 0.3851956 2.00E-06 10.4 -0.141 0.147 5.339314E-02 4.82E-07 18.1 -0.079 0.250
Ni std SRM 986 2 (7035) 0.3852024 2.00E-06 10.4 0.070 5.339373E-02 4.33E-07 16.2 0.064
Esquel T 4 (7036) 0.3852022 1.80E-06 9.3 -0.012 0.143 5.339402E-02 5.21E-07 19.5 0.075 0.270
Ni std SRM 986 3 (7037) 0.3852029 2.16E-06 11.2 0.013 5.339351E-02 5.56E-07 20.8 -0.041
Esquel T 5 (7038) 0.3851974 2.18E-06 11.3 -0.131 0.159 5.339228E-02 5.19E-07 19.4 -0.276 0.273
Ni std SRM 986 4 (6613) 0.3852020 2.14E-06 11.1 -0.023 5.339400E-02 4.67E-07 17.5 0.092
Esquel T 6 (7040) 0.3851991 2.32E-06 12.0 -0.031 0.162 5.339317E-02 4.77E-07 17.9 -0.155 0.254
Ni std SRM 986 5 (7041) 0.3851986 2.06E-06 10.7 -0.088 5.339400E-02 4.96E-07 18.6 0.000
Ni std SRM 986 1 (7042) 0.3852065 1.74E-06 9.0 5.339353E-02 4.55E-07 17.0
Esquel T 7 (7043) 0.3852013 2.00E-06 10.4 -0.122 0.140 5.339320E-02 4.88E-07 18.3 -0.135 0.251
Ni std SRM 986 2 (7044) 0.3852055 1.86E-06 9.7 -0.026 5.339431E-02 4.60E-07 17.2 0.146
Esquel T 8 (7045) 0.3852018 2.05E-06 10.6 -0.077 0.145 5.339412E-02 4.98E-07 18.7 0.088 0.256
Ni std SRM 986 3 (7046) 0.3852040 1.96E-06 10.2 -0.039 5.339299E-02 4.77E-07 17.9 -0.247
Esquel T 9 (7047) 0.3852004 2.11E-06 11.0 -0.026 0.150 5.339282E-02 5.11E-07 19.1 0.111 0.259
Ni std SRM 986 4 (7048) 0.3851988 1.96E-06 10.2 -0.135 5.339147E-02 4.58E-07 17.2 -0.285
Esquel T 10 (7049) 0.3851964 2.06E-06 10.7 -0.125 0.151 5.339217E-02 4.82E-07 18.1 -0.096 0.256
Ni std SRM 986 5 (7050) 0.3852036 2.14E-06 11.1 0.125 5.339389E-02 5.11E-07 19.1 0.453
mean (TEVA 1) -0.071 -0.071
2 sd 0.136 0.305
2 se 0.043 0.096
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3851725 1.82E-06 9.5 1.674236E-02 1.15E-07 13.7
0.3851718 1.85E-06 9.6 -0.001 0.135 1.674294E-02 1.10E-07 13.1 0.230 0.184
0.3851712 1.81E-06 9.4 -0.034 1.674275E-02 1.00E-07 11.9 0.233
0.3851762 1.80E-06 9.3 0.136 0.139 1.674280E-02 1.11E-07 13.3 0.063 0.185
0.3851707 2.14E-06 11.1 -0.013 1.674264E-02 1.15E-07 13.7 -0.066
0.3851809 1.51E-06 7.8 1.674306E-02 1.15E-07 13.7
0.3851778 1.96E-06 10.2 -0.086 0.130 1.674312E-02 1.14E-07 13.6 0.060 0.189
0.3851813 1.61E-06 8.4 0.010 1.674298E-02 1.03E-07 12.3 -0.048
0.3851804 1.75E-06 9.1 -0.038 0.125 1.674291E-02 1.24E-07 14.8 -0.057 0.205
0.3851824 1.70E-06 8.8 0.029 1.674303E-02 1.32E-07 15.8 0.030
0.3851818 2.11E-06 11.0 -0.009 0.143 1.674332E-02 1.23E-07 14.7 0.209 0.207
0.3851819 1.85E-06 9.6 -0.013 1.674291E-02 1.11E-07 13.3 -0.072
0.3851829 2.28E-06 11.8 0.031 0.158 1.674311E-02 1.13E-07 13.5 0.119 0.192
0.3851815 2.15E-06 11.2 -0.010 1.674291E-02 1.18E-07 14.1 0.000
0.3851861 1.34E-06 7.0 1.674302E-02 1.08E-07 12.9
0.3851839 1.45E-06 7.5 -0.047 0.105 1.674310E-02 1.16E-07 13.9 0.102 0.190
0.3851853 1.48E-06 7.7 -0.021 1.674284E-02 1.09E-07 13.0 -0.108
0.3851805 1.69E-06 8.8 -0.091 0.117 1.674288E-02 1.18E-07 14.1 -0.069 0.194
0.3851827 1.50E-06 7.8 -0.068 1.674315E-02 1.13E-07 13.5 0.185
0.3851811 1.99E-06 10.3 -0.108 0.135 1.674319E-02 1.21E-07 14.5 -0.084 0.196
0.3851878 1.83E-06 9.5 0.132 1.674351E-02 1.09E-07 13.0 0.215
0.3851822 1.93E-06 10.0 -0.058 0.144 1.674335E-02 1.14E-07 13.6 0.075 0.194






Ni std SRM 986 3 (7028)
Esquel T 1 (7029)
Ni std SRM 986 4 (7030)
Esquel T 2 (7031)
Ni std SRM 986 8 (7032)
Ni std SRM 986 1 (7033)
Esquel T 3 (7034)
Ni std SRM 986 2 (7035)
Esquel T 4 (7036)
Ni std SRM 986 3 (7037)
Esquel T 5 (7038)
Ni std SRM 986 4 (6613)
Esquel T 6 (7040)
Ni std SRM 986 5 (7041)
Ni std SRM 986 1 (7042)
Esquel T 7 (7043)
Ni std SRM 986 2 (7044)
Esquel T 8 (7045)
Ni std SRM 986 3 (7046)
Esquel T 9 (7047)
Ni std SRM 986 4 (7048)
Esquel T 10 (7049)
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 






5.339517E-02 4.97E-07 18.6 1.674393E-02 1.28E-07 15.3
5.339536E-02 5.05E-07 18.9 0.004 0.265 1.674449E-02 1.32E-07 15.8 0.164 0.221
5.339551E-02 4.94E-07 18.5 0.064 1.674450E-02 1.32E-07 15.8 0.340
5.339415E-02 4.92E-07 18.4 -0.269 0.267 1.674429E-02 1.30E-07 15.5 -0.096 0.222
5.339566E-02 5.38E-07 20.2 0.028 1.674440E-02 1.34E-07 16.0 -0.060
5.339288E-02 4.12E-07 15.4 1.674420E-02 1.30E-07 15.5
5.339373E-02 5.36E-07 20.1 0.175 0.256 1.674447E-02 1.30E-07 15.5 0.212 0.219
5.339271E-02 4.36E-07 16.3 -0.032 1.674403E-02 1.29E-07 15.4 -0.102
5.339301E-02 4.78E-07 17.9 0.080 0.246 1.674404E-02 1.17E-07 14.0 0.015 0.213
5.339246E-02 4.65E-07 17.4 -0.047 1.674400E-02 1.40E-07 16.7 -0.018
5.339262E-02 5.77E-07 21.6 0.018 0.282 1.674435E-02 1.41E-07 16.8 0.194 0.237
5.339259E-02 5.05E-07 18.9 0.024 1.674405E-02 1.39E-07 16.6 0.030
5.339232E-02 1.50E-07 5.6 -0.063 0.212 1.674424E-02 1.50E-07 17.9 0.048 0.242
5.339272E-02 5.85E-07 21.9 0.024 1.674427E-02 1.33E-07 15.9 0.131
5.339145E-02 3.67E-07 13.7 1.674376E-02 1.13E-06 135.0
5.339206E-02 3.95E-07 14.8 0.093 0.207 1.674410E-02 1.30E-07 15.5 0.185 0.972
5.339168E-02 4.04E-07 15.1 0.043 1.674382E-02 1.20E-07 14.3 0.036
5.339297E-02 4.60E-07 17.2 0.177 0.230 1.674406E-02 1.33E-07 15.9 0.113 0.217
5.339237E-02 4.10E-07 15.4 0.129 1.674392E-02 1.27E-07 15.2 0.060
5.339281E-02 5.44E-07 20.4 0.213 0.266 1.674416E-02 1.37E-07 16.4 0.042 0.223
5.339098E-02 5.00E-07 18.7 -0.260 1.674426E-02 1.27E-07 15.2 0.203
5.339252E-02 5.27E-07 19.7 0.115 0.284 1.674442E-02 1.33E-07 15.9 0.188 0.224






Ni std SRM 986 3 (7028)
Esquel T 1 (7029)
Ni std SRM 986 4 (7030)
Esquel T 2 (7031)
Ni std SRM 986 8 (7032)
Ni std SRM 986 1 (7033)
Esquel T 3 (7034)
Ni std SRM 986 2 (7035)
Esquel T 4 (7036)
Ni std SRM 986 3 (7037)
Esquel T 5 (7038)
Ni std SRM 986 4 (6613)
Esquel T 6 (7040)
Ni std SRM 986 5 (7041)
Ni std SRM 986 1 (7042)
Esquel T 7 (7043)
Ni std SRM 986 2 (7044)
Esquel T 8 (7045)
Ni std SRM 986 3 (7046)
Esquel T 9 (7047)
Ni std SRM 986 4 (7048)
Esquel T 10 (7049)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.829375E-02 3.59E-07 0.4087927 5.79E-06
1.830614E-02 2.20E-07 0.598 0.4089739 3.87E-06 0.397
1.829664E-02 2.34E-07 0.4088308 4.34E-06
1.830432E-02 3.09E-07 0.362 0.4089500 5.69E-06 0.248
1.829875E-02 2.38E-07 0.4088661 4.30E-06
1.828699E-02 2.48E-07 0.4086897 3.94E-06
1.829822E-02 3.04E-07 0.767 0.4088571 4.88E-06 0.509
1.828141E-02 2.31E-07 0.4086081 4.07E-06
1.830406E-02 2.91E-07 0.875 0.4089473 4.66E-06 0.582
1.829472E-02 3.27E-07 0.4088107 5.04E-06
1.830665E-02 3.12E-07 0.614 0.4089793 5.50E-06 0.393
1.829611E-02 4.61E-07 0.4088269 7.15E-06
1.831333E-02 4.20E-07 0.774 0.4090845 6.54E-06 0.522
1.830222E-02 3.75E-07 0.4089154 6.17E-06
1.827996E-02 2.68E-07 0.4085888 4.10E-06
1.829510E-02 2.64E-08 0.835 0.4088147 3.92E-06 0.554
1.827970E-02 2.36E-07 0.4085882 3.70E-06
1.829281E-02 2.27E-07 0.369 0.4087800 4.07E-06 0.245
1.829243E-02 3.76E-07 0.4087712 6.06E-06
1.830146E-02 4.16E-07 0.496 0.4089101 6.49E-06 0.338
1.829233E-02 3.03E-07 0.4087727 4.81E-06
1.831007E-02 2.80E-07 0.370 0.4090356 4.66E-06 0.236






Ni std SRM 986 3 (7028)
Esquel T 1 (7029)
Ni std SRM 986 4 (7030)
Esquel T 2 (7031)
Ni std SRM 986 8 (7032)
Ni std SRM 986 1 (7033)
Esquel T 3 (7034)
Ni std SRM 986 2 (7035)
Esquel T 4 (7036)
Ni std SRM 986 3 (7037)
Esquel T 5 (7038)
Ni std SRM 986 4 (6613)
Esquel T 6 (7040)
Ni std SRM 986 5 (7041)
Ni std SRM 986 1 (7042)
Esquel T 7 (7043)
Ni std SRM 986 2 (7044)
Esquel T 8 (7045)
Ni std SRM 986 3 (7046)
Esquel T 9 (7047)
Ni std SRM 986 4 (7048)
Esquel T 10 (7049)
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Table A3.1 (a) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) NB: MB = supplied 
 from Martin Bizzarro
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3850829 1.84E-06 9.6 5.341072E-02 4.78E-07 17.9
Esquel metal (MB) 0.3850795 1.78E-06 9.2 -0.071 0.132 5.340980E-02 4.64E-07 17.4 -0.160 0.247
Ni std Aristar 0.3850816 1.81E-06 9.4 -0.034 5.341059E-02 4.56E-07 17.1 -0.024
Esquel metal (MB) 0.3850788 1.68E-06 8.7 0.014 0.126 5.341135E-02 4.33E-07 16.2 0.156 0.236
Ni std Aristar 0.3850749 1.69E-06 8.8 -0.174 5.341044E-02 4.62E-07 17.3 -0.028
Esquel metal (MB) 0.3850773 1.59E-06 8.3 0.110 0.125 5.341110E-02 4.23E-07 15.8 0.128 0.237
Ni std Aristar 0.3850712 1.93E-06 10.0 -0.096 5.341039E-02 4.82E-07 18.0 -0.009
June 5th 2007
Ni std Aristar 0.3851908 1.75E-06 9.1 5.339405E-02 4.84E-07 18.1
Esquel metal (MB) 0.3851847 1.74E-06 9.0 -0.193 0.129 5.339258E-02 4.79E-07 17.9 -0.364 0.255
Ni std Aristar 0.3851935 1.79E-06 9.3 0.070 5.339500E-02 4.84E-07 18.1 0.178
Esquel metal (MB) 0.3851819 1.68E-06 8.7 -0.221 0.123 5.339213E-02 4.91E-07 18.4 -0.412 0.256
Ni std Aristar 0.3851873 1.53E-06 7.9 -0.161 5.339366E-02 4.69E-07 17.6 -0.251
Esquel metal (MB) 0.3851851 1.86E-06 9.7 0.012 0.130 5.339492E-02 5.20E-07 19.5 0.247 0.262
Ni std Aristar 0.3851820 1.82E-06 9.5 -0.138 5.339354E-02 4.66E-07 17.5 -0.022
Esquel metal (MB) 0.3851805 2.03E-06 10.5 -0.030 0.140 5.339397E-02 5.27E-07 19.7 0.054 0.262
Ni std Aristar 0.3851813 1.74E-06 9.0 -0.018 5.339382E-02 4.53E-07 17.0 0.052
Ni std Aristar 0.3851840 1.57E-06 8.2 0.070 5.339392E-02 4.54E-07 17.0 0.019
Esquel metal (MB) 0.3851783 1.63E-06 8.5 -0.109 0.119 5.339305E-02 4.40E-07 16.5 -0.091 0.233
Ni std Aristar 0.3851810 1.63E-06 8.5 -0.078 5.339315E-02 4.22E-07 15.8 -0.144
Esquel metal (MB) 0.3851776 1.77E-06 9.2 -0.099 0.125 5.339296E-02 4.71E-07 17.6 -0.128 0.242
Ni std Aristar 0.3851818 1.61E-06 8.4 0.021 5.339414E-02 4.63E-07 17.3 0.185
Esquel metal (MB) 0.3851822 1.68E-06 8.7 -0.001 0.122 5.339403E-02 4.64E-07 17.4 -0.015 0.246
Ni std Aristar 0.3851827 1.68E-06 8.7 0.023 5.339408E-02 4.67E-07 17.5 -0.011
Esquel metal (JAB) 0.3851823 1.80E-06 9.3 0.022 0.129 5.339536E-02 4.76E-07 17.8 0.216 0.245
Ni std Aristar 0.3851802 1.76E-06 9.1 -0.065 5.339433E-02 4.32E-07 16.2 0.047
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Table A3.1 (a) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standards) NB: JAB = 
supplied by Joel Baker (VUW)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851800 1.58E-06 8.2 5.339412E-02 4.56E-07 17.1
Esquel metal (JAB) 0.3851735 1.86E-06 9.7 -0.083 0.132 5.339522E-02 4.91E-07 18.4 0.192 0.258
Ni std Aristar 0.3851734 1.87E-06 9.7 -0.171 5.339427E-02 5.07E-07 19.0 0.028
Ni std Aristar 0.3851837 1.60E-06 8.3 0.267 5.339481E-02 4.52E-07 16.9 0.101
Esquel metal (JAB) 0.3851714 1.66E-06 8.6 -0.223 0.122 5.339288E-02 4.52E-07 16.9 -0.220 0.240
Ni std Aristar 0.3851763 1.74E-06 9.0 -0.192 5.339330E-02 4.58E-07 17.2 -0.283
Esquel metal (JAB) 0.3851732 1.78E-06 9.2 -0.088 0.129 5.339344E-02 4.37E-07 16.4 -0.013 0.248
Ni std Aristar 0.3851769 1.74E-06 9.0 0.016 5.339372E-02 5.37E-07 20.1 0.079
Esquel metal (JAB) 0.3851741 1.62E-06 8.4 -0.003 0.125 5.339381E-02 4.47E-07 16.7 0.111 0.259
Ni std Aristar 0.3851715 1.81E-06 9.4 -0.140 5.339272E-02 5.15E-07 19.3 -0.187
July 27th 2007
Ni std Aristar 0.3851670 2.07E-06 10.7 5.337812E-02 4.41E-07 16.5
Esquel metal (MB) 0.3851741 1.99E-06 10.3 0.084 0.163 5.337755E-02 4.69E-07 17.6 -0.048 0.250
Ni std Aristar 0.3851747 2.73E-06 14.2 0.200 5.337749E-02 5.03E-07 18.8 -0.118
Esquel metal (MB) 0.3851684 2.04E-06 10.6 -0.112 0.169 5.337732E-02 4.52E-07 16.9 -0.017 0.254
Ni std Aristar 0.3851707 2.30E-06 11.9 -0.104 5.337733E-02 5.09E-07 19.1 -0.030
Esquel metal (MB) 0.3851699 2.00E-06 10.4 -0.047 0.153 5.337728E-02 4.83E-07 18.1 -0.095 0.259
Ni std Aristar 0.3851727 2.01E-06 10.4 0.052 5.337824E-02 4.77E-07 17.9 0.170
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Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std Aristar 0.3851694 1.96E-06 10.2 5.339378E-02 3.97E-07 14.9
Esquel metal 1 0.3851759 2.29E-06 11.9 0.096 0.155 5.339605E-02 4.64E-07 17.4 0.399 0.243
Ni std Aristar 0.3851750 1.88E-06 9.8 0.145 5.339406E-02 5.02E-07 18.8 0.052
Esquel metal 2 0.3851743 1.74E-06 9.0 -0.013 0.135 5.339455E-02 4.31E-07 16.1 0.038 0.249
Ni std Aristar 0.3851746 1.97E-06 10.2 -0.010 5.339463E-02 5.07E-07 19.0 0.107
Esquel metal 3 0.3851730 1.81E-06 9.4 -0.062 0.136 5.339448E-02 4.29E-07 16.1 -0.067 0.243
Ni std Aristar 0.3851762 1.82E-06 9.5 0.042 5.339505E-02 4.63E-07 17.3 0.079
Esquel metal 4 0.3851758 1.87E-06 9.7 -0.044 0.140 5.339419E-02 4.13E-07 15.5 -0.263 0.232
Ni std Aristar 0.3851788 2.07E-06 10.7 0.068 5.339614E-02 4.62E-07 17.3 0.204
Esquel metal 5 0.3851698 1.90E-06 9.9 -0.184 0.142 5.339259E-02 4.43E-07 16.6 -0.415 0.242
Ni std Aristar 0.3851750 1.85E-06 9.6 -0.099 5.339347E-02 4.80E-07 18.0 -0.500
Esquel metal 6 0.3851712 1.76E-06 9.1 -0.100 0.135 5.339264E-02 3.93E-07 14.7 -0.173 0.229
Ni std Aristar 0.3851751 1.99E-06 10.3 0.003 5.339366E-02 4.57E-07 17.1 0.036
Esquel metal 7 0.3851739 1.92E-06 10.0 0.021 0.139 5.339363E-02 4.61E-07 17.3 0.014 0.244
Ni std Aristar 0.3851711 1.76E-06 9.1 -0.104 5.339345E-02 4.67E-07 17.5 -0.039
mean lo-res -0.053 -0.037
2 sd 0.184 0.412
2 se 0.037 0.082
n 25 25
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3850058 1.65E-06 8.6 1.673903E-02 1.14E-07 13.6
0.3850040 1.67E-06 8.7 0.014 0.120 1.673927E-02 1.10E-07 13.1 0.131 0.187
0.3850011 1.52E-06 7.9 -0.122 1.673907E-02 1.08E-07 12.9 0.024
0.3849970 1.54E-06 8.0 -0.048 0.112 1.673890E-02 1.03E-07 12.3 -0.111 0.179
0.3849966 1.49E-06 7.7 -0.117 1.673910E-02 1.10E-07 13.1 0.018
0.3849967 1.58E-06 8.2 0.066 0.115 1.673896E-02 1.00E-07 11.9 -0.087 0.180
0.3849917 1.59E-06 8.3 -0.127 1.673911E-02 1.15E-07 13.7 0.006
0.3851723 1.40E-06 7.3 1.674300E-02 1.15E-07 13.7
0.3851710 1.21E-06 6.3 -0.045 0.093 1.674335E-02 1.14E-07 13.6 0.275 0.195
0.3851732 1.25E-06 6.5 0.023 1.674278E-02 1.18E-07 14.1 -0.131
0.3851700 1.24E-06 6.4 -0.035 0.092 1.674346E-02 1.16E-07 13.9 0.314 0.195
0.3851695 1.28E-06 6.6 -0.096 1.674309E-02 1.11E-07 13.3 0.185
0.3851647 1.49E-06 7.7 -0.070 0.101 1.674280E-02 1.23E-07 14.7 -0.182 0.198
0.3851653 1.25E-06 6.5 -0.109 1.674312E-02 1.11E-07 13.3 0.018
0.3851624 1.58E-06 8.2 -0.036 0.104 1.674302E-02 1.25E-07 14.9 -0.042 0.198
0.3851623 1.21E-06 6.3 -0.078 1.674306E-02 1.07E-07 12.8 -0.036
0.3851662 1.28E-06 6.6 0.101 1.674303E-02 1.08E-07 12.9 -0.018
0.3851629 1.29E-06 6.7 -0.074 0.091 1.674324E-02 1.04E-07 12.4 0.069 0.176
0.3851653 1.11E-06 5.8 -0.023 1.674322E-02 1.00E-07 11.9 0.113
0.3851641 1.19E-06 6.2 0.009 0.085 1.674326E-02 1.12E-07 13.4 0.096 0.183
0.3851622 1.14E-06 5.9 -0.080 1.674298E-02 1.10E-07 13.1 -0.143
0.3851625 1.20E-06 6.2 -0.012 0.085 1.674301E-02 1.10E-07 13.1 0.012 0.186
0.3851637 1.11E-06 5.8 0.039 1.674300E-02 1.11E-07 13.3 0.012
0.3851580 1.25E-06 6.5 -0.101 0.088 1.674269E-02 1.13E-07 13.5 -0.167 0.186
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se

















0.3851590 1.43E-06 7.4 1.674299E-02 1.08E-07 12.9
0.3851530 1.59E-06 8.3 -0.108 0.110 1.674272E-02 1.16E-07 13.9 -0.149 0.194
0.3851553 1.37E-06 7.1 -0.096 1.674295E-02 1.20E-07 14.3 -0.024
0.3851638 1.32E-06 6.9 0.221 1.674282E-02 1.07E-07 12.8 -0.078
0.3851583 1.23E-06 6.4 -0.108 0.093 1.674328E-02 1.07E-07 12.8 0.167 0.182
0.3851611 1.31E-06 6.8 -0.070 1.674318E-02 1.09E-07 13.0 0.215
0.3851569 1.22E-06 6.3 -0.103 0.092 1.674315E-02 1.04E-07 12.4 0.012 0.188
0.3851606 1.24E-06 6.4 -0.013 1.674308E-02 1.27E-07 15.2 -0.060
0.3851561 1.20E-06 6.2 -0.087 0.089 1.674306E-02 1.06E-07 12.7 -0.084 0.195









0.3852057 1.62E-06 8.4 1.674668E-02 1.05E-07 12.5
0.3852135 2.33E-06 12.1 0.100 0.174 1.674682E-02 1.11E-08 1.3 0.039 0.135
0.3852136 3.01E-06 15.6 0.205 1.674683E-02 1.19E-07 14.2 0.090
0.3852090 1.96E-06 10.2 -0.083 0.170 1.674687E-02 1.07E-07 12.8 0.012 0.192
0.3852108 2.17E-06 11.3 -0.073 1.674687E-02 1.21E-07 14.5 0.024
0.3852112 1.90E-06 9.9 0.039 0.144 1.674688E-02 1.15E-07 13.7 0.072 0.171
0.3852086 1.85E-06 9.6 -0.057 1.674665E-02 1.13E-08 1.3 -0.131
± 2 se
ppm
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62Ni/58Ni normalised data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se


























0.3851515 1.90E-06 9.9 1.674297E-02 9.43E-08 11.3
0.3851473 2.33E-06 12.1 -0.126 0.151 1.674243E-02 1.10E-07 13.1 -0.302 0.184
0.3851528 1.59E-06 8.3 0.034 1.674290E-02 1.19E-07 14.2 -0.042
0.3851505 1.73E-06 9.0 -0.018 0.121 1.674278E-02 1.02E-07 12.2 -0.030 0.188
0.3851496 1.52E-06 7.9 -0.083 1.674276E-02 1.20E-07 14.3 -0.084
0.3851510 1.45E-06 7.5 0.006 0.113 1.674280E-02 1.02E-07 12.2 0.054 0.184
0.3851519 1.70E-06 8.8 0.060 1.674266E-02 1.10E-07 13.1 -0.060
0.3851526 1.52E-06 7.9 0.048 0.115 1.674287E-02 9.79E-08 11.7 0.200 0.176
0.3851496 1.50E-06 7.8 -0.060 1.674241E-02 1.10E-07 13.1 -0.149
0.3851530 1.41E-06 7.3 0.004 0.107 1.674325E-02 1.05E-07 12.5 0.314 0.183
0.3851561 1.49E-06 7.7 0.169 1.674304E-02 1.14E-07 13.6 0.376
0.3851547 1.58E-06 8.2 -0.003 0.111 1.674323E-02 9.33E-08 11.1 0.128 0.173
0.3851535 1.37E-06 7.1 -0.068 1.674299E-02 1.08E-07 12.9 -0.030
0.3851529 1.47E-06 7.6 -0.022 0.105 1.674300E-02 1.09E-07 13.0 -0.009 0.185
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
0.4073384 3.15E-06






1.824667E-02 1.69E-07 0.4080772 2.43E-06
1.825175E-02 1.69E-07 0.306 0.4081495 2.41E-06 0.194
1.824568E-02 1.57E-07 0.4080631 2.25E-06
1.825114E-02 1.34E-07 0.272 0.408135 2.04E-06 0.164
1.824666E-02 1.68E-07 0.4080733 2.15E-06
1.824914E-02 2.22E-07 0.199 0.4081087 3.33E-06 0.136
1.824436E-02 1.47E-07 0.4080333 2.22E-06
1.824869E-02 1.67E-07 0.365 0.4080976 2.58E-06 0.243
1.823971E-02 1.50E-07 0.4079638 2.07E-06
1.823001E-02 1.39E-07 0.407822 2.03E-06
1.823685E-02 1.43E-07 0.399 0.4079158 1.96E-06 0.254
1.822913E-02 1.32E-07 0.4078022 1.86E-06
1.823511E-02 1.52E-07 0.345 0.4078891 2.04E-06 0.227
1.822852E-02 1.55E-07 0.4077911 2.07E-06
1.823328E-02 1.41E-07 0.289 0.4078665 2.00E-06 0.199
1.822751E-02 1.35E-07 0.4077797 1.79E-06
1.823126E-02 1.77E-07 0.269 0.407836 2.38E-06 0.186
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 













1.824607E-02 1.56E-07 0.4080538 2.36E-06
1.824494E-02 1.66E-07 0.163 0.4080364 2.86E-06 0.111
1.823787E-02 1.47E-07 0.4079286 2.28E-06
1.821628E-02 1.42E-07 0.4076122 2.16E-06
1.822247E-02 1.27E-07 0.284 0.4076934 1.88E-06 0.170
1.821830E-02 1.37E-07 0.4076362 2.03E-06
1.822448E-02 1.27E-07 0.260 0.407726 1.81E-06 0.166
1.822117E-02 1.70E-07 0.4076804 2.24E-06
1.822286E-02 1.33E-07 0.133 0.4077014 1.79E-06 0.086









1.823124E-02 1.63E-07 0.4078198 3.02E-06
1.822715E-02 2.22E-07 0.004 0.4077655 4.32E-06 0.012
1.822292E-02 2.81E-07 0.4077014 5.87E-06
1.823083E-02 1.71E-07 0.305 0.4078135 3.37E-06 0.195
1.822764E-02 2.01E-07 0.4077666 4.07E-06
1.822966E-02 1.79E-07 0.060 0.4077966 3.34E-06 0.037
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A
1.818039E-02 1.62E-07 0.4070599 3.32E-06
1.817897E-02 2.11E-07 -0.002 0.4070435 4.34E-06 0.006
1.817763E-02 1.60E-07 0.4070226 2.69E-06
1.817565E-02 1.65E-07 -0.100 0.4069905 3.09E-06 -0.075
1.817732E-02 1.59E-07 0.4070192 2.58E-06
1.817364E-02 1.70E-07 -0.072 0.406962 2.80E-06 -0.047
1.817257E-02 2.21E-07 0.4069427 3.62E-06
1.817089E-02 1.53E-07 -0.089 0.4069163 2.75E-06 -0.069
1.817244E-02 2.09E-07 0.4069463 3.30E-06
1.816960E-02 1.65E-07 -0.113 0.4068972 2.76E-06 -0.086
1.817088E-02 1.58E-07 0.4069184 2.64E-06
1.816962E-02 1.84E-07 -0.114 0.406896 3.27E-06 -0.086
1.817251E-02 1.72E-07 0.4069439 2.78E-06
1.816903E-02 1.51E-07 -0.154 0.4068879 2.59E-06 -0.109
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Table A3.1 (a) High resolution MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






hi-res (10 ppm, 2.5% HNO3)
Ni std Aristar 0.3851827 1.93E-06 10.0 5.339155E-02 4.78E-07 17.9
Esquel metal (MB) 0.3851776 1.82E-06 9.5 0.025 0.136 5.339130E-02 4.67E-07 17.5 0.033 0.252
Ni std Aristar 0.3851706 1.83E-06 9.5 -0.314 5.339070E-02 4.93E-07 18.5 -0.159
June 8th 2007
hi-res (10 ppm, 2.5% HNO3)
Ni std Aristar 0.3851649 1.72E-06 8.9 5.338800E-02 4.70E-07 17.6
Esquel metal (MB) 0.3851576 1.96E-06 10.2 -0.029 0.135 5.338603E-02 5.03E-07 18.8 -0.176 0.264
Ni std Aristar 0.3851525 1.72E-06 8.9 -0.322 5.338594E-02 5.14E-07 19.3 -0.386
Ni std Aristar 0.3851533 1.78E-06 9.2 0.021 5.338622E-02 5.20E-07 19.5 0.052
Esquel metal (MB) 0.3851457 1.67E-06 8.7 -0.036 0.128 5.338694E-02 4.08E-07 15.3 -0.034 0.240
Ni std Aristar 0.3851409 1.87E-06 9.7 -0.322 5.338802E-02 4.69E-07 17.6 0.337
Esquel metal (MB) 0.3851380 1.70E-06 8.8 0.096 0.131 5.338821E-02 4.74E-07 17.8 0.137 0.247
Ni std Aristar 0.3851277 1.84E-06 9.6 -0.343 5.338694E-02 4.47E-07 16.7 -0.202
Esquel metal (MB) 0.3851272 1.92E-06 10.0 0.055 0.136 5.338692E-02 4.71E-07 17.6 0.135 0.237
Ni std Aristar 0.3851225 1.74E-06 9.0 -0.135 5.338546E-02 3.92E-07 14.7 -0.277
Esquel metal (MB) 0.3851221 1.83E-06 9.5 0.070 0.130 5.338705E-02 4.91E-07 18.4 0.179 0.238
Ni std Aristar 0.3851163 1.69E-06 8.8 -0.161 5.338673E-02 4.15E-07 15.5 0.238
TEVA high resolution
mean 0.030 0.046
2 sd 0.107 0.268
2 se 0.044 0.109
n 6 6
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62Ni/58Ni normalised data
Table A 3.1 (continued) High resolution MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with Arsitar Ni 
standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se




































0.3851722 1.25E-06 6.5 1.674359E-02 1.13E-07 13.5
0.3851684 1.61E-06 8.4 0.021 0.106 1.674365E-02 1.11E-07 13.3 -0.027 0.191
0.385163 1.24E-06 6.4 -0.239 1.674380E-02 1.17E-07 14.0 0.125
0.3851678 1.39E-06 7.2 1.674444E-02 1.12E-07 13.4
0.3851679 1.38E-06 7.2 0.068 0.101 1.674491E-02 1.19E-07 14.2 0.134 0.199
0.3851628 1.37E-06 7.1 -0.130 1.674493E-02 1.22E-07 14.6 0.293
0.3851643 1.46E-06 7.6 0.039 1.674486E-02 1.23E-07 14.7 -0.042
0.3851532 1.23E-06 6.4 -0.035 0.097 1.674469E-02 9.69E-08 11.6 0.027 0.182
0.3851448 1.37E-06 7.1 -0.506 1.674443E-02 1.11E-07 13.3 -0.257
0.3851405 1.38E-06 7.2 0.031 0.099 1.674439E-02 1.13E-07 13.5 -0.102 0.187
0.3851338 1.25E-06 6.5 -0.286 1.674469E-02 1.06E-07 12.7 0.155
0.3851375 1.33E-06 6.9 0.086 0.096 1.674469E-02 1.12E-07 13.4 -0.105 0.179
0.3851346 1.33E-06 6.9 0.021 1.674504E-02 9.31E-08 11.1 0.209
0.3851281 1.42E-06 7.4 -0.070 0.101 1.674466E-02 1.16E-07 13.9 -0.137 0.180
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (a) (continued) High resolution MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec column chemistry (bracketed with NIST SRM
 986) 
APPENDIX 3: MC-ICPMS data
EICHROM TEVA A


















1.823858E-02 1.27E-07 0.407946 1.98E-06
1.824086E-02 1.69E-07 0.054 0.407946 1.98E-06 -0.032
1.824116E-02 1.38E-07 0.4079719 2.88E-06
1.821337E-02 1.57E-07 0.4075491 2.37E-06
1.820792E-02 1.69E-07 -0.019 0.4074577 4.89E-06 -0.020
1.820316E-02 1.57E-07 0.407383 2.08E-06
1.817791E-02 1.56E-07 0.4070036 2.53E-06
1.817519E-02 1.57E-07 0.021 0.4069541 2.45E-06 0.008
1.817169E-02 1.61E-07 0.4068983 2.57E-06
1.817465E-02 1.50E-07 0.109 0.4069369 2.49E-06 0.079
1.817365E-02 1.50E-07 0.4069116 2.13E-06
1.817438E-02 1.52E-07 0.130 0.4069253 2.38E-06 0.098
1.817040E-02 1.57E-07 0.4068592 2.44E-06
1.817460E-02 2.15E-07 0.235 0.4069219 3.22E-06 0.163
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Table A3.1 (b) MC-ICPMS data for Esqeul Fe-Ni metal processed through Anion spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data







Ni std SRM 986 4 (7137) 0.3852239 1.83E-06 9.5 5.338806E-02 4.52E-07 16.9
Esquel A 9 (7138) 0.3852141 1.75E-06 9.1 -0.265 0.134 5.338809E-02 4.76E-07 17.8 -0.140 0.247
Ni std SRM 986 3 (7139) 0.3852247 1.98E-06 10.3 0.021 5.338961E-02 4.58E-07 17.2 0.290
Esquel A 10 (7140) 0.3852159 1.72E-06 8.9 -0.195 0.132 5.338943E-02 4.67E-07 17.5 0.111 0.248
Ni std SRM 986 4 (7141) 0.3852221 1.76E-06 9.1 -0.067 5.338807E-02 4.81E-07 18.0 -0.288
Ni std SRM 986 6 (7142) 0.3852222 1.84E-06 9.6 5.338992E-02 4.57E-07 17.1
Esquel A 3 (7143) 0.3852188 1.82E-06 9.4 -0.009 0.136 5.338858E-02 4.51E-07 16.9 -0.149 0.243
Ni std SRM 986 7 (7144) 0.3852161 1.94E-06 10.1 -0.158 5.338883E-02 4.77E-07 17.9 -0.204
Esquel A 4 (7145) 0.3852166 1.85E-06 9.6 -0.058 0.138 5.338793E-02 4.73E-07 17.7 -0.291 0.250
Ni std SRM 986 8 (7146) 0.3852216 1.88E-06 9.8 0.143 5.339014E-02 4.66E-07 17.5 0.245
Esquel A 5 (7147) 0.3852132 1.77E-06 9.2 -0.197 0.136 5.338858E-02 4.45E-07 16.7 -0.174 0.244
Ni std SRM 986 5 (7148) 0.3852200 2.00E-06 10.4 -0.042 5.338888E-02 4.82E-07 18.1 -0.236
Esquel A 6 (7149) 0.3852123 1.89E-06 9.8 -0.184 0.139 5.338758E-02 4.45E-07 16.7 -0.153 0.247
Ni std SRM 986 10 (7150) 0.3852188 1.78E-06 9.2 -0.031 5.338791E-02 4.88E-07 18.3 -0.182
Ni std SRM 986 6 (7151) 0.3852273 1.86E-06 9.7 5.338895E-02 4.69E-07 17.6
Esquel A 7 (7152) 0.3852228 1.85E-06 9.6 -0.048 0.136 5.338753E-02 4.69E-07 17.6 -0.207 0.254
Ni std SRM 986 7 (7153) 0.3852220 1.86E-06 9.7 -0.138 5.338832E-02 5.11E-07 19.1 -0.118
Esquel A 8 (7154) 0.3852171 1.82E-06 9.4 -0.148 0.133 5.338652E-02 4.96E-07 18.6 -0.242 0.262
Ni std SRM 986 8 (7155) 0.3852236 1.76E-06 9.1 0.042 5.338730E-02 4.74E-07 17.8 -0.191
Esquel A 9 (7156) 0.3852200 1.72E-06 8.9 -0.044 0.126 5.338652E-02 4.54E-07 17.0 -0.176 0.243
Ni std SRM 986 5 (7157) 0.3852198 1.67E-06 8.7 -0.099 5.338762E-02 4.56E-07 17.1 0.060
Esquel A 10 (7158) 0.3852188 1.73E-06 9.0 -0.003 0.129 5.338671E-02 4.35E-07 16.3 -0.041 0.239
Ni std SRM 986 10 (7159) 0.3852180 1.88E-06 9.8 -0.047 5.338624E-02 4.77E-07 17.9 -0.258
mean (ANION) -0.115 -0.146
2 sd 0.186 0.224
2 se 0.059 0.071
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se






0.3852254 1.33E-06 6.9 1.674432E-02 1.07E-07 12.8
0.3852145 1.32E-06 6.9 -0.191 0.105 1.674432E-02 1.13E-07 13.5 0.110 0.187
0.3852183 1.72E-06 8.9 -0.184 1.674395E-02 1.09E-07 13.0 -0.221
0.3852125 1.15E-06 6.0 -0.214 0.104 1.674400E-02 1.11E-07 13.3 -0.081 0.188
0.3852232 1.57E-06 8.2 0.127 1.674432E-02 1.14E-07 13.6 0.221
0.3852168 1.41E-06 7.3 1.674388E-02 1.08E-07 12.9
0.3852163 1.22E-06 6.3 -0.003 0.098 1.674420E-02 1.07E-07 12.8 0.113 0.184
0.3852160 1.49E-06 7.7 -0.021 1.674414E-02 1.13E-07 13.5 0.155
0.3852162 1.32E-06 6.9 0.010 0.104 1.674435E-02 1.12E-07 13.4 0.218 0.189
0.3852156 1.53E-06 7.9 -0.010 1.674383E-02 1.11E-07 13.3 -0.185
0.3852126 1.29E-06 6.7 -0.065 0.103 1.674420E-02 1.06E-07 12.7 0.131 0.185
0.3852146 1.48E-06 7.7 -0.026 1.674413E-02 1.14E-07 13.6 0.179
0.3852123 1.25E-06 6.5 -0.113 0.101 1.674444E-02 1.06E-07 12.7 0.116 0.187
0.3852187 1.52E-06 7.9 0.106 1.674436E-02 1.16E-07 13.9 0.137
0.3852266 1.32E-06 6.9 1.674411E-02 1.11E-07 13.3
0.3852245 1.19E-06 6.2 -0.009 0.093 1.674445E-02 1.11E-07 13.3 0.158 0.192
0.3852231 1.37E-06 7.1 -0.091 1.674426E-02 1.21E-07 14.5 0.090
0.3852252 1.20E-06 6.2 0.038 0.093 1.674469E-02 1.18E-07 14.1 0.185 0.198
0.3852244 1.31E-06 6.8 0.034 1.674450E-02 1.12E-07 13.4 0.143
0.3852253 1.13E-06 5.9 0.035 0.087 1.674469E-02 1.08E-07 12.9 0.134 0.184
0.3852235 1.17E-06 6.1 -0.023 1.674443E-02 1.08E-07 12.9 -0.042
0.3852251 1.26E-06 6.5 0.001 0.090 1.674464E-02 1.03E-07 12.3 0.030 0.180






Ni std SRM 986 4 (7137)
Esquel A 9 (7138)
Ni std SRM 986 3 (7139)
Esquel A 10 (7140)
Ni std SRM 986 4 (7141)
Ni std SRM 986 6 (7142)
Esquel A 3 (7143)
Ni std SRM 986 7 (7144)
Esquel A 4 (7145)
Ni std SRM 986 8 (7146)
Esquel A 5 (7147)
Ni std SRM 986 5 (7148)
Esquel A 6 (7149)
Ni std SRM 986 10 (7150)
Ni std SRM 986 6 (7151)
Esquel A 7 (7152)
Ni std SRM 986 7 (7153)
Esquel A 8 (7154)
Ni std SRM 986 8 (7155)
Esquel A 9 (7156)
Ni std SRM 986 5 (7157)
Esquel A 10 (7158)







K. Andrews  2009 376
± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (b) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 






5.338073E-02 3.63E-07 13.6 1.674264E-02 1.18E-07 14.1
5.338369E-02 3.59E-07 13.4 0.372 0.207 1.674327E-02 1.13E-07 13.5 0.394 0.200
5.338268E-02 4.69E-07 17.6 0.365 1.674258E-02 1.28E-07 15.3 -0.036
5.338426E-02 3.13E-07 11.7 0.422 0.205 1.674315E-02 1.11E-07 13.3 0.290 0.196
5.338133E-02 4.28E-07 16.0 -0.253 1.674275E-02 1.14E-07 13.6 0.102
5.338307E-02 3.85E-07 14.4 1.674275E-02 1.19E-07 14.2
5.338322E-02 3.33E-07 12.5 0.007 0.194 1.674296E-02 1.17E-07 14.0 0.009 0.202
5.338330E-02 4.06E-07 15.2 0.043 1.674314E-02 1.26E-07 15.1 0.233
5.338325E-02 3.61E-07 13.5 -0.019 0.205 1.674311E-02 1.20E-07 14.3 0.087 0.206
5.338340E-02 4.17E-07 15.6 0.019 1.674279E-02 1.22E-07 14.6 -0.209
5.338424E-02 3.51E-07 13.1 0.130 0.202 1.674333E-02 1.14E-07 13.6 0.293 0.203
5.338369E-02 4.03E-07 15.1 0.054 1.674289E-02 1.29E-07 15.4 0.060
5.338430E-02 3.41E-07 12.8 0.221 0.199 1.674339E-02 1.23E-07 14.7 0.275 0.207
5.338255E-02 4.14E-07 15.5 -0.214 1.674297E-02 1.15E-07 13.7 0.048
5.338042E-02 3.59E-07 13.5 1.674242E-02 1.20E-07 14.3
5.338099E-02 3.25E-07 12.2 0.020 0.183 1.674271E-02 1.20E-07 14.3 0.072 0.203
5.338135E-02 3.73E-07 14.0 0.174 1.674276E-02 1.21E-07 14.5 0.203
5.338078E-02 3.28E-07 12.3 -0.074 0.184 1.674307E-02 1.18E-07 14.1 0.215 0.199
5.338100E-02 3.58E-07 13.4 -0.066 1.674266E-02 1.14E-07 13.6 -0.060
5.338077E-02 3.08E-07 11.5 -0.067 0.172 1.674289E-02 1.11E-07 13.3 0.066 0.188
5.338126E-02 3.19E-07 12.0 0.049 1.674290E-02 1.08E-07 12.9 0.143
5.338080E-02 3.43E-07 12.9 -0.007 0.176 1.674297E-02 1.12E-07 13.4 0.006 0.192






Ni std SRM 986 4 (7137)
Esquel A 9 (7138)
Ni std SRM 986 3 (7139)
Esquel A 10 (7140)
Ni std SRM 986 4 (7141)
Ni std SRM 986 6 (7142)
Esquel A 3 (7143)
Ni std SRM 986 7 (7144)
Esquel A 4 (7145)
Ni std SRM 986 8 (7146)
Esquel A 5 (7147)
Ni std SRM 986 5 (7148)
Esquel A 6 (7149)
Ni std SRM 986 10 (7150)
Ni std SRM 986 6 (7151)
Esquel A 7 (7152)
Ni std SRM 986 7 (7153)
Esquel A 8 (7154)
Ni std SRM 986 8 (7155)
Esquel A 9 (7156)
Ni std SRM 986 5 (7157)
Esquel A 10 (7158)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (b) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Anion column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
ANION 1X4
1.824000E-02 1.85E-07 0.4080098 2.96E-06
1.825830E-02 1.88E-07 0.949 0.4082796 2.77E-06 0.622
1.824199E-02 1.87E-07 0.4080416 3.27E-06
1.825564E-02 1.72E-07 0.835 0.4082396 2.80E-06 0.542
1.823882E-02 1.63E-07 0.4079956 2.75E-06
1.824801E-02 2.47E-07 0.4081303 3.94E-06
1.826219E-02 1.76E-08 0.839 0.4083391 2.55E-06 0.558
1.824576E-02 2.18E-07 0.4080922 3.37E-06
1.825532E-02 1.94E-07 0.514 0.4082314 2.96E-06 0.331
1.824611E-02 1.90E-07 0.4081004 3.32E-06
1.825843E-02 1.85E-07 0.693 0.4082756 2.70E-06 0.448
1.824545E-02 1.66E-07 0.4080853 3.03E-06
1.826182E-02 2.94E-07 0.825 0.4083264 4.36E-06 0.543
1.824807E-02 1.69E-07 0.4081246 2.57E-06
1.826123E-02 1.87E-07 0.4083357 3.06E-06
1.827015E-02 1.98E-08 0.519 0.4084625 3.05E-06 0.343
1.826012E-02 2.05E-07 0.4083093 3.09E-06
1.827118E-02 3.06E-07 0.562 0.4084712 4.44E-06 0.364
1.826171E-02 2.41E-07 0.4083358 3.72E-06
1.827587E-02 1.92E-07 0.691 0.4085438 2.89E-06 0.459
1.826478E-02 2.23E-07 0.4083772 3.23E-06
1.827800E-02 2.14E-07 0.690 0.4085753 3.62E-06 0.464






Ni std SRM 986 4 (7137)
Esquel A 9 (7138)
Ni std SRM 986 3 (7139)
Esquel A 10 (7140)
Ni std SRM 986 4 (7141)
Ni std SRM 986 6 (7142)
Esquel A 3 (7143)
Ni std SRM 986 7 (7144)
Esquel A 4 (7145)
Ni std SRM 986 8 (7146)
Esquel A 5 (7147)
Ni std SRM 986 5 (7148)
Esquel A 6 (7149)
Ni std SRM 986 10 (7150)
Ni std SRM 986 6 (7151)
Esquel A 7 (7152)
Ni std SRM 986 7 (7153)
Esquel A 8 (7154)
Ni std SRM 986 8 (7155)
Esquel A 9 (7156)
Ni std SRM 986 5 (7157)
Esquel A 10 (7158)
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Table A3.1 (c) MC-ICPMS data for Esquel Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





DMG / NI SPEC
Ni std SRM 986 0.3852226 2.15E-06 11.2   5.340427E-02 4.85E-07 18.2   
Esquel 1 0.3852240 2.25E-06 11.7 0.073 0.172 5.340417E-02 5.16E-07 19.3 -0.090 0.271
Ni std SRM 986 0.3852198 2.70E-06 14.0 -0.073 5.340503E-02 5.27E-07 19.7 0.142
Esquel 2 0.3852202 2.41E-06 12.5 -0.065 0.182 5.340594E-02 5.12E-07 19.2 0.022 0.271
Ni std SRM 986 0.3852256 2.39E-06 12.4 0.151 5.340662E-02 4.95E-07 18.5 0.298
Esquel 3 0.3852223 2.23E-06 11.6 -0.065 0.167 5.340424E-02 4.85E-07 18.2 -0.196 0.259
Ni std SRM 986 0.3852240 2.24E-06 11.6 -0.042 5.340395E-02 4.88E-07 18.3 -0.500
Esquel 4 0.3852223 1.99E-06 10.3 -0.092 0.151 5.340337E-02 4.59E-07 17.2 -0.178 0.245
Ni std SRM 986 0.3852277 2.00E-06 10.4 0.096 5.340469E-02 4.40E-07 16.5 0.139
Esquel 5 0.3852253 2.04E-06 10.6 -0.032 0.150 5.340433E-02 4.89E-07 18.3 -0.048 0.246
Ni std SRM 986 0.3852254 2.11E-06 11.0 -0.060 5.340448E-02 4.35E-07 16.3 -0.039
Ni std SRM 986 0.3852240 2.05E-06 10.6   5.340398E-02 4.87E-07 18.2   
Esquel 6 0.3852163 2.04E-06 10.6 -0.154 0.150 5.340160E-02 4.91E-07 18.4 -0.352 0.261
Ni std SRM 986 0.3852205 2.05E-06 10.6 -0.091 5.340298E-02 5.04E-07 18.9 -0.187
Esquel 7 0.3852193 1.83E-06 9.5 -0.026 0.145 5.340262E-02 4.60E-07 17.2 -0.111 0.252
Ni std SRM 986 0.3852201 2.19E-06 11.4 -0.010 5.340345E-02 4.78E-07 17.9 0.088
Esquel 8 0.3852237 1.89E-06 9.8 0.162 0.149 5.340286E-02 4.75E-07 17.8 0.070 0.264
Ni std SRM 986 0.3852148 2.15E-06 11.2 -0.138 5.340152E-02 5.60E-07 21.0 -0.361
Esquel 9 0.3852192 1.86E-06 9.7 0.079 0.143 5.340049E-02 5.25E-07 19.7 -0.239 0.281
Ni std SRM 986 0.3852175 1.89E-06 9.8 0.070 5.340201E-02 5.10E-07 19.1 0.092
Esquel 10 0.3852095 1.75E-06 9.1 -0.078 0.138 5.339936E-02 4.88E-07 18.3 -0.244 0.262
Ni std SRM 986 0.3852075 2.11E-06 11.0 -0.260 5.339932E-02 4.89E-07 18.3 -0.504
mean (DMG) -0.020 -0.137
2 sd 0.191 0.260
2 se 0.061 0.082
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





DMG / NI SPEC
0.38516360 2.03E-06 10.5   1.674048E-02 1.15E-07 13.7   
0.38516630 2.36E-06 12.3 0.129 0.181 1.674050E-02 1.22E-07 14.6 0.066 0.205
0.38515910 3.02E-06 15.7 -0.117 1.674030E-02 1.25E-07 14.9 -0.108
0.38515600 2.02E-06 10.5 -0.084 0.186 1.674008E-02 1.21E-07 14.5 -0.018 0.204
0.38515940 2.91E-06 15.1 0.008 1.673992E-02 1.17E-07 14.0 -0.227
0.38516190 2.28E-06 11.8 -0.010 0.177 1.674048E-02 1.15E-07 13.7 0.146 0.196
0.38516520 2.11E-06 11.0 0.151 1.674055E-02 1.16E-07 13.9 0.376
0.38516590 1.92E-06 10.0 0.022 0.141 1.674069E-02 1.09E-07 13.0 0.134 0.185
0.38516490 1.73E-06 9.0 -0.008 1.674038E-02 1.04E-07 12.4 -0.102
0.38516600 1.54E-06 8.0 0.032 0.119 1.674046E-02 1.16E-07 13.9 0.033 0.186
0.38516460 1.68E-06 8.7 -0.008 1.674043E-02 1.03E-07 12.3 0.030
0.38516680 1.54E-06 8.0   1.674055E-02 1.16E-07 13.9   
0.38516760 1.63E-06 8.5 0.008 0.117 1.674111E-02 1.16E-07 13.9 0.266 0.197
0.38516780 1.56E-06 8.1 0.026 1.674078E-02 1.19E-07 14.2 0.137
0.38516600 1.53E-06 7.9 0.001 0.125 1.674087E-02 1.09E-07 13.0 0.087 0.190
0.38516410 2.11E-06 11.0 -0.096 1.674067E-02 1.13E-07 13.5 -0.066
0.38517030 1.59E-06 8.3 0.139 0.127 1.674081E-02 1.13E-07 13.5 -0.054 0.200
0.38516580 1.58E-06 8.2 0.044 1.674113E-02 1.33E-07 15.9 0.275
0.38517150 1.45E-06 7.5 0.148 0.110 1.674138E-02 1.24E-07 14.8 0.185 0.212
0.38516580 1.50E-06 7.8 0.000 1.674101E-02 1.21E-07 14.5 -0.072
0.38516720 1.48E-06 7.7 -0.018 0.113 1.674164E-02 1.16E-07 13.9 0.185 0.198





Ni std SRM 986
Esquel 1
Ni std SRM 986
Esquel 2
Ni std SRM 986
Esquel 3
Ni std SRM 986
Esquel 4
Ni std SRM 986
Esquel 5
Ni std SRM 986
Ni std SRM 986
Esquel 6
Ni std SRM 986
Esquel 7
Ni std SRM 986
Esquel 8
Ni std SRM 986
Esquel 9
Ni std SRM 986
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 






5.339759E-02 5.54E-07 20.8   1.674272E-02 1.39E-07 16.6   
5.339687E-02 6.44E-07 24.1 -0.251 0.357 1.674263E-02 1.46E-07 17.4 -0.108 0.257
5.339883E-02 8.25E-07 30.9 0.232 1.674290E-02 1.74E-07 20.8 0.108
5.339968E-02 5.51E-07 20.6 0.167 0.367 1.674288E-02 1.56E-07 18.6 0.099 0.271
5.339875E-02 7.95E-07 29.8 -0.015 1.674253E-02 1.55E-07 18.5 -0.221
5.339806E-02 6.23E-07 23.3 0.020 0.349 1.674274E-02 1.44E-07 17.2 0.096 0.248
5.339716E-02 5.77E-07 21.6 -0.298 1.674263E-02 1.45E-07 17.3 0.060
5.339696E-02 5.23E-07 19.6 -0.045 0.278 1.674274E-02 1.28E-07 15.3 0.137 0.225
5.339724E-02 4.71E-07 17.6 0.015 1.674239E-02 1.30E-07 15.5 -0.143
5.339693E-02 4.19E-07 15.7 -0.065 0.234 1.674255E-02 1.32E-07 15.8 0.051 0.224
5.339731E-02 4.59E-07 17.2 0.013 1.674254E-02 1.37E-07 16.4 0.090
5.339673E-02 4.20E-07 15.7   1.674263E-02 1.33E-07 15.9   
5.339651E-02 4.44E-07 16.6 -0.015 0.229 1.674313E-02 1.32E-07 15.8 0.230 0.224
5.339645E-02 4.24E-07 15.9 -0.052 1.674286E-02 1.33E-07 15.9 0.137
5.339694E-02 4.18E-07 15.7 -0.003 0.246 1.674293E-02 1.18E-07 14.1 0.033 0.217
5.339746E-02 5.77E-07 21.6 0.189 1.674289E-02 1.42E-07 17.0 0.018
5.339577E-02 4.33E-07 16.2 -0.273 0.250 1.674265E-02 1.22E-07 14.6 -0.245 0.222
5.339700E-02 4.31E-07 16.1 -0.086 1.674323E-02 1.39E-07 16.6 0.203
5.339545E-02 3.97E-07 14.9 -0.290 0.216 1.674294E-02 1.21E-07 14.5 -0.119 0.213
5.339700E-02 4.08E-07 15.3 0.000 1.674305E-02 1.22E-07 14.6 -0.108
5.339661E-02 4.05E-07 15.2 0.036 0.223 1.674357E-02 1.13E-07 13.5 0.116 0.205





Ni std SRM 986
Esquel 1
Ni std SRM 986
Esquel 2
Ni std SRM 986
Esquel 3
Ni std SRM 986
Esquel 4
Ni std SRM 986
Esquel 5
Ni std SRM 986
Ni std SRM 986
Esquel 6
Ni std SRM 986
Esquel 7
Ni std SRM 986
Esquel 8
Ni std SRM 986
Esquel 9
Ni std SRM 986
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Ni spec column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
0.01824925 1.47E-06  0.40815120 2.18E-05  
0.01821810 1.02E-06 0.596 0.40768570 1.58E-05 0.412
0.01816523 9.32E-07  0.40688460 1.47E-05  
0.01821630 6.27E-07 2.487 0.40765360 9.72E-06 1.670
0.01817699 3.53E-07  0.40706310 6.88E-06  
0.01821138 4.68E-07 0.979 0.40757560 7.33E-06 0.652
0.01821014 4.43E-07  0.40755660 7.54E-06  
0.01823724 4.80E-07 0.717 0.40796040 7.63E-06 0.462
0.01823820 2.47E-07  0.40798780 4.59E-06  
0.01826086 4.30E-07 0.944 0.40832170 6.81E-06 0.622
0.01824908 3.83E-07  0.40814780 5.86E-06  
0.01826856 7.60E-07  0.40844590 1.17E-05  
0.01826266 4.65E-07 -0.542 0.40834130 7.01E-06 -0.393
0.01827655 3.77E-07  0.40855780 5.60E-06  
0.01830834 2.89E-07 0.880 0.40903020 4.49E-06 0.580
0.01830794 4.83E-07  0.40902830 7.59E-06  
0.01830514 3.00E-07 -0.048 0.40898390 4.91E-06 -0.030
0.01830411 1.08E-06  0.40896370 1.59E-05  
0.01827693 5.88E-07 0.365 0.40855600 8.43E-06 0.243
0.01823640 7.27E-07  0.40794940 1.10E-05  
0.01826886 5.94E-07 0.978 0.40842620 8.65E-06 0.636






Ni std SRM 986
Esquel 1
Ni std SRM 986
Esquel 2
Ni std SRM 986
Esquel 3
Ni std SRM 986
Esquel 4
Ni std SRM 986
Esquel 5
Ni std SRM 986
Ni std SRM 986
Esquel 6
Ni std SRM 986
Esquel 7
Ni std SRM 986
Esquel 8
Ni std SRM 986
Esquel 9
Ni std SRM 986
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Table A3.1 (c) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec/Ni resin column chemistry (bracketed with NIST SRM 986)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





TEVA & Ni spec/DMG PASS
April 24 08
Ni std SRM 986 1 (7352) 0.3852079 1.68E-06 8.7 5.339070E-02 4.30E-07 16.1
Esquel T 3 (7034) 0.3852103 1.80E-06 9.3 0.049 0.129 5.339185E-02 4.50E-07 16.9 0.198 0.240
Ni std SRM 986 2 (7354) 0.3852089 1.74E-06 9.0 -0.026 5.339089E-02 4.78E-07 17.9 0.036
Esquel T 4 (7355) 0.3852071 1.89E-06 9.8 -0.053 0.135 5.339126E-02 4.89E-07 18.3 0.247 0.259
Ni std SRM 986 3 (7356) 0.3852094 1.85E-06 9.6 -0.013 5.338899E-02 4.98E-07 18.7 -0.356
Esquel T 5 (7357) 0.3852077 1.78E-06 9.2 -0.043 0.130 5.339067E-02 4.68E-07 17.5 0.297 0.250
Ni std SRM 986 4 (7358) 0.3852093 1.67E-06 8.7 0.003 5.338918E-02 4.55E-07 17.0 0.036
Esquel T 6 (7359) 0.3852013 2.04E-06 10.6 -0.158 0.139 5.338937E-02 4.96E-07 18.6 0.086 0.255
Ni std SRM 986 5 (7360) 0.3852055 1.79E-06 9.3 0.099 5.338864E-02 4.79E-07 17.9 -0.101
Ni std SRM 986 1 (7361) 0.3852032 1.70E-06 8.8 5.338867E-02 4.44E-07 16.6
Esquel T 7 (7362) 0.3852048 1.69E-06 8.8 0.047 0.125 5.339008E-02 4.51E-07 16.9 0.219 0.243
Ni std SRM 986 2 (7363) 0.3852028 1.72E-06 8.9 0.010 5.338915E-02 4.87E-07 18.2 0.090
Esquel T 8 (7364) 0.3852049 1.89E-06 9.8 0.049 0.133 5.338915E-02 4.90E-07 18.4 0.080 0.253
Ni std SRM 986 3 (7365) 0.3852032 1.75E-06 9.1 -0.010 5.338830E-02 4.45E-07 16.7 -0.159
Esquel T 9 (7366) 0.3852008 1.86E-06 9.7 -0.100 0.136 5.338709E-02 4.81E-07 18.0 -0.327 0.248
Ni std SRM 986 4 (7367) 0.3852061 1.91E-06 9.9 -0.075 5.338937E-02 4.61E-07 17.3 0.200
Esquel T 10 (7368) 0.3852032 1.63E-06 8.5 -0.065 0.125 5.338919E-02 4.67E-07 17.5 0.042 0.245
Ni std SRM 986 4 (7369) 0.3852053 1.63E-06 8.5 0.021 5.338856E-02 4.51E-07 16.9 -0.152
Ni std SRM 986 3 (7370) 0.3852016 1.86E-06 9.7 5.338845E-02 4.80E-07 18.0
Esquel T 9 (7371) 0.3852003 1.89E-06 9.8 -0.021 0.135 5.338747E-02 4.86E-07 18.2 -0.167 0.252
Ni std SRM 986 4 (7372) 0.3852006 1.72E-06 8.9 0.026 5.338827E-02 4.51E-07 16.9 -0.034
Esquel T 10 (7373) 0.3852037 2.14E-06 11.1 -0.043 0.145 5.338837E-02 4.78E-07 17.9 -0.179 0.246
Ni std SRM 986 4 (7374) 0.3852101 1.88E-06 9.8 -0.247 5.339038E-02 4.48E-07 16.8 0.395
mean (TEVA DMG) -0.034 0.050
2 sd 0.136 0.418
2 se 0.043 0.132
n 10 10
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62Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec/Ni resin column chemistry (bracketed with NIST SRM 986) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





TEVA & Ni spec/DMG PASS
April 24 08
Ni std SRM 986 1 (7352)
Esquel T 3 (7034)
Ni std SRM 986 2 (7354)
Esquel T 4 (7355)
Ni std SRM 986 3 (7356)
Esquel T 5 (7357)
Ni std SRM 986 4 (7358)
Esquel T 6 (7359)
Ni std SRM 986 5 (7360)
Ni std SRM 986 1 (7361)
Esquel T 7 (7362)
Ni std SRM 986 2 (7363)
Esquel T 8 (7364)
Ni std SRM 986 3 (7365)
Esquel T 9 (7366)
Ni std SRM 986 4 (7367)
Esquel T 10 (7368)
Ni std SRM 986 4 (7369)
Ni std SRM 986 3 (7370)
Esquel T 9 (7371)
Ni std SRM 986 4 (7372)
Esquel T 10 (7373)





0.3851974 1.31E-06 6.8 1.674369E-02 1.02E-07 12.2
0.3851963 1.52E-06 7.9 -0.079 0.106 1.674342E-02 1.07E-07 12.8 -0.149 0.181
0.3852013 1.39E-06 7.2 0.101 1.674365E-02 1.13E-07 13.5 -0.024
0.3851956 1.27E-06 6.6 -0.199 0.097 1.674356E-02 1.16E-07 13.9 -0.188 0.196
0.3852052 1.36E-06 7.1 0.101 1.674410E-02 1.18E-07 14.1 0.269
0.3852000 1.66E-06 8.6 -0.143 0.113 1.674370E-02 1.11E-07 13.3 -0.227 0.189
0.3852058 1.47E-06 7.6 0.016 1.674406E-02 1.08E-07 12.9 -0.024
0.3851967 1.52E-06 7.9 -0.192 0.110 1.674401E-02 1.18E-07 14.1 -0.066 0.194
0.3852024 1.49E-06 7.7 -0.088 1.674418E-02 1.14E-07 13.6 0.072
0.3852004 1.40E-06 7.3 1.674418E-02 1.05E-07 12.5
0.3851971 1.33E-06 6.9 -0.082 0.096 1.674384E-02 1.07E-07 12.8 -0.167 0.184
0.3852001 1.16E-06 6.0 -0.008 1.674406E-02 1.16E-07 13.9 -0.072
0.3851992 1.10E-06 5.7 -0.047 0.084 1.674406E-02 1.16E-07 13.9 -0.063 0.191
0.3852019 1.20E-06 6.2 0.047 1.674427E-02 1.05E-07 12.5 0.125
0.3852041 1.36E-06 7.1 0.055 0.095 1.674455E-02 1.14E-07 13.6 0.245 0.187
0.3852021 1.26E-06 6.5 0.005 1.674401E-02 1.09E-07 13.0 -0.155
0.3851985 1.45E-06 7.5 -0.101 0.100 1.674405E-02 1.11E-07 13.3 -0.033 0.185
0.3852027 1.30E-06 6.7 0.016 1.674420E-02 1.07E-07 12.8 0.113
0.3852000 1.38E-06 7.2 1.674423E-02 1.14E-07 13.6
0.3852043 1.27E-06 6.6 0.087 0.101 1.674446E-02 1.15E-07 13.7 0.125 0.191
0.3852019 1.55E-06 8.0 0.049 1.674427E-02 1.07E-07 12.8 0.024
0.3852039 1.59E-06 8.3 0.051 0.113 1.674425E-02 1.13E-07 13.5 0.137 0.185
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A3.1 (c) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec/Ni resin column chemistry (bracketed with NIST SRM 986) 





5.338838E-02 3.58E-07 13.4 1.674367E-02 1.09E-07 13.0
5.338868E-02 4.13E-07 15.5 0.157 0.207 1.674352E-02 1.16E-07 13.9 -0.072 0.192
5.338730E-02 3.78E-07 14.2 -0.202 1.674361E-02 1.13E-07 13.5 -0.036
5.338886E-02 3.47E-07 13.0 0.392 0.191 1.674372E-02 1.22E-07 14.6 0.075 0.201
5.338623E-02 3.72E-07 13.9 -0.200 1.674358E-02 1.19E-07 14.2 -0.018
5.338767E-02 4.52E-07 16.9 0.285 0.223 1.674368E-02 1.15E-07 13.7 0.060 0.193
5.338607E-02 4.01E-07 15.0 -0.030 1.674358E-02 1.08E-07 12.9 0.000
5.338856E-02 4.13E-07 15.5 0.379 0.216 1.674410E-02 1.32E-07 15.8 0.236 0.207
5.338700E-02 4.06E-07 15.2 0.174 1.674383E-02 1.16E-07 13.9 0.149
5.338755E-02 3.83E-07 14.3 1.674398E-02 1.10E-07 13.1
5.338844E-02 3.64E-07 13.6 0.158 0.190 1.674387E-02 1.09E-07 13.0 -0.072 0.185
5.338764E-02 3.17E-07 11.9 0.017 1.674400E-02 1.11E-07 13.3 0.012
5.338789E-02 3.00E-07 11.2 0.093 0.165 1.674387E-02 1.23E-07 14.7 -0.072 0.199
5.338715E-02 3.27E-07 12.3 -0.092 1.674398E-02 1.13E-07 13.5 -0.012
5.338654E-02 3.71E-07 13.9 -0.110 0.187 1.674413E-02 1.20E-07 14.3 0.146 0.202
5.338710E-02 3.44E-07 12.9 -0.009 1.674379E-02 1.24E-07 14.8 -0.113
5.338807E-02 3.95E-07 14.8 0.197 0.197 1.674398E-02 1.05E-07 12.5 0.099 0.186
5.338694E-02 3.54E-07 13.3 -0.030 1.674384E-02 1.06E-07 12.7 0.030
5.338766E-02 3.77E-07 14.1 1.674408E-02 1.20E-07 14.3
5.338648E-02 3.46E-07 13.0 -0.172 0.198 1.674416E-02 1.22E-07 14.6 0.027 0.201
5.338714E-02 4.22E-07 15.8 -0.097 1.674415E-02 1.11E-07 13.3 0.042
5.338659E-02 4.35E-07 16.3 -0.100 0.222 1.674394E-02 1.39E-07 16.6 0.060 0.217





TEVA & Ni spec/DMG PASS
April 24 08
Ni std SRM 986 1 (7352)
Esquel T 3 (7034)
Ni std SRM 986 2 (7354)
Esquel T 4 (7355)
Ni std SRM 986 3 (7356)
Esquel T 5 (7357)
Ni std SRM 986 4 (7358)
Esquel T 6 (7359)
Ni std SRM 986 5 (7360)
Ni std SRM 986 1 (7361)
Esquel T 7 (7362)
Ni std SRM 986 2 (7363)
Esquel T 8 (7364)
Ni std SRM 986 3 (7365)
Esquel T 9 (7366)
Ni std SRM 986 4 (7367)
Esquel T 10 (7368)
Ni std SRM 986 4 (7369)
Ni std SRM 986 3 (7370)
Esquel T 9 (7371)
Ni std SRM 986 4 (7372)
Esquel T 10 (7373)
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (c) (continued) MC-ICPMS data for Esquel Fe-Ni metal processed through Teva spec/Ni resin column chemistry (bracketed with NIST SRM 986) 
APPENDIX 3: MC-ICPMS data
1.830161E-02 3.07E-07 0.4089161 3.07E-06
1.829297E-02 1.88E-07 -0.400 0.4087929 3.00E-06 -0.257
1.829898E-02 2.19E-07 0.4088797 3.25E-06
1.829479E-02 1.97E-07 -0.345 0.4088154 3.02E-06 -0.232
1.830322E-02 2.17E-07 0.4089408 3.21E-06
1.830320E-02 2.33E-07 -0.081 0.4089392 3.81E-06 -0.057
1.830615E-02 2.21E-07 0.4089846 3.42E-06
1.830568E-02 2.48E-07 -0.083 0.4089765 3.55E-06 -0.054
1.830826E-02 2.63E-07 0.4090122 4.27E-06
1.829289E-02 1.77E-07 0.4087822 2.76E-06
1.829336E-02 2.09E-08 -0.113 0.4087914 3.02E-06 -0.071
1.829796E-02 2.03E-07 0.4088585 3.10E-06
1.829367E-02 1.64E-07 -0.266 0.4087915 2.45E-06 -0.189
1.829912E-02 3.52E-07 0.4088789 5.36E-06
1.830090E-02 1.99E-07 0.102 0.4088967 3.24E-06 0.047
1.829895E-02 1.87E-07 0.4088760 3.02E-06
1.830277E-02 2.12E-07 -0.029 0.4089299 3.29E-06 -0.029
1.830766E-02 1.78E-07 0.4090076 2.78E-06
1.829019E-02 2.19E-07 0.4087427 3.47E-06
1.828583E-02 1.95E-07 -0.222 0.4086740 2.82E-06 -0.153
1.828959E-02 2.58E-07 0.4087306 3.94E-06
1.828243E-02 2.03E-07 -0.449 0.4086269 3.02E-06 -0.305





TEVA & Ni spec/DMG PASS
April 24 08
Ni std SRM 986 1 (7352)
Esquel T 3 (7034)
Ni std SRM 986 2 (7354)
Esquel T 4 (7355)
Ni std SRM 986 3 (7356)
Esquel T 5 (7357)
Ni std SRM 986 4 (7358)
Esquel T 6 (7359)
Ni std SRM 986 5 (7360)
Ni std SRM 986 1 (7361)
Esquel T 7 (7362)
Ni std SRM 986 2 (7363)
Esquel T 8 (7364)
Ni std SRM 986 3 (7365)
Esquel T 9 (7366)
Ni std SRM 986 4 (7367)
Esquel T 10 (7368)
Ni std SRM 986 4 (7369)
Ni std SRM 986 3 (7370)
Esquel T 9 (7371)
Ni std SRM 986 4 (7372)
Esquel T 10 (7373)
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Table A3.1 MC-ICPMS data for Na (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851666 2.13E-06 11.1 5.338428E-02 4.82E-07 18.1
Doping Na 0.3851648 2.04E-06 10.6 -0.034 0.147 5.338583E-02 4.62E-07 17.3 0.328 0.246
Ni std Aristar 0.3851656 1.79E-06 9.3 -0.026 5.338388E-02 4.53E-07 17.0 -0.075
September 20th 2007
Ni std Aristar 0.3851651 2.16E-06 11.2 5.339378E-02 4.85E-07 18.2
Doping Na 0.3851674 1.76E-06 9.1 -0.005 0.138 5.339183E-02 4.12E-07 15.4 -0.218 0.235
Ni std Aristar 0.3851701 1.78E-06 9.2 0.130 5.339221E-02 4.63E-07 17.3 -0.294
Doping Na 0.3851681 1.58E-06 8.2 -0.027 0.124 5.339168E-02 4.72E-07 17.7 -0.144 0.247
Ni std Aristar 0.3851682 1.80E-06 9.3 -0.049 5.339269E-02 4.57E-07 17.1 0.090
Doping Na 0.3851617 1.62E-06 8.4 -0.122 0.123 5.339160E-02 4.16E-07 15.6 -0.097 0.231
Ni std Aristar 0.3851646 1.64E-06 8.5 -0.093 5.339155E-02 4.54E-07 17.0 -0.214
Doping Na 0.3851643 1.75E-06 9.1 0.001 0.126 5.339181E-02 4.06E-07 15.2 0.009 0.224
Ni std Aristar 0.3851639 1.74E-06 9.0 -0.018 5.339197E-02 4.24E-07 15.9 0.079
January 7th 2008
Ni std Aristar 0.3852286 1.76E-06 9.1 5.340089E-02 4.36E-07 16.3
Doping Na 1 0.3852276 3.06E-06 15.9 0.083 0.184 5.339958E-02 5.21E-07 19.5 -0.042 0.251
Ni std Aristar 0.3852202 1.78E-06 9.2 -0.218 5.339872E-02 4.06E-07 15.2 -0.406
Doping Na 2 0.3852183 1.83E-06 9.5 0.071 0.136 5.339786E-02 4.90E-07 18.4 -0.048 0.248
Ni std Aristar 0.3852109 1.96E-06 10.2 -0.241 5.339751E-02 4.82E-07 18.1 -0.227
Doping Na 3 0.3852120 2.00E-06 10.4 0.030 0.141 5.339680E-02 4.67E-07 17.5 -0.024 0.247
Ni std Aristar 0.3852108 1.71E-06 8.9 -0.003 5.339635E-02 4.47E-07 16.7 -0.217
Doping Na 4 0.3852103 1.94E-06 10.1 -0.001 0.135 5.339604E-02 4.51E-07 16.9 -0.090 0.242
Ni std Aristar 0.3852099 1.78E-06 9.2 -0.023 5.339669E-02 4.75E-07 17.8 0.064
Doping Na 5 0.3852100 2.48E-06 12.9 0.100 0.160 5.339627E-02 4.77E-07 17.9 0.014 0.252
Ni std Aristar 0.3852024 1.88E-06 9.8 -0.195 5.339570E-02 4.76E-07 17.8 -0.185
mean (all) 0.010 -0.031
2 sd 0.135 0.151
2 se 0.043 0.048
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Na (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se



































0.3851825 1.93E-06 10.0 1.674522E-02 1.14E-07 13.6
0.3851759 1.85E-06 9.6 -0.140 0.135 1.674485E-02 1.10E-07 13.1 -0.248 0.186
0.3851801 1.69E-06 8.8 -0.062 1.674531E-02 1.07E-07 12.8 0.054
0.3851457 1.92E-06 10.0 1.674297E-02 1.15E-07 13.7
0.3851525 1.29E-06 6.7 0.061 0.110 1.674343E-02 9.77E-08 11.7 0.164 0.178
0.3851546 1.38E-06 7.2 0.231 1.674334E-02 1.10E-07 13.1 0.221
0.3851543 1.36E-06 7.1 0.026 0.098 1.674346E-02 1.12E-07 13.4 0.108 0.187
0.385152 1.26E-06 6.5 -0.068 1.674322E-02 1.08E-07 12.9 -0.072
0.3851505 1.36E-06 7.1 -0.049 0.096 1.674348E-02 9.87E-08 11.8 0.075 0.175
0.3851528 1.22E-06 6.3 0.021 1.674349E-02 1.08E-07 12.9 0.161
0.3851503 1.30E-06 6.8 -0.025 0.093 1.674343E-02 9.63E-08 11.5 -0.006 0.169
0.3851497 1.26E-06 6.5 -0.080 1.674339E-02 1.00E-07 11.9 -0.060
0.3851827 1.55E-06 8.0 1.674128E-02 1.04E-07 12.4
0.3851862 3.89E-06 20.2 0.095 0.217 1.674159E-02 1.23E-07 14.7 0.033 0.190
0.3851824 1.51E-06 7.8 -0.008 1.674179E-02 9.62E-08 11.5 0.305
0.3851803 1.51E-06 7.8 0.014 0.109 1.674200E-02 1.16E-07 13.9 0.039 0.187
0.3851771 1.40E-06 7.3 -0.138 1.674208E-02 1.14E-07 13.6 0.173
0.3851786 1.56E-06 8.1 0.010 0.109 1.674225E-02 1.11E-07 13.3 0.018 0.187
0.3851793 1.41E-06 7.3 0.057 1.674236E-02 1.06E-07 12.7 0.167
0.3851827 1.92E-06 10.0 0.096 0.124 1.674243E-02 1.07E-07 12.8 0.066 0.183
0.3851787 1.43E-06 7.4 -0.016 1.674228E-02 1.13E-07 13.5 -0.048
0.3851797 2.81E-06 14.6 0.100 0.163 1.674237E-02 1.13E-07 13.5 -0.015 0.191
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Na (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339243E-02 5.27E-07 19.7 1.674635E-02 1.38E-07 16.5
5.339423E-02 5.05E-07 18.9 0.275 0.265 1.674646E-02 1.32E-07 15.8 0.048 0.219
5.339309E-02 4.61E-07 17.3 0.124 1.674641E-02 1.16E-07 13.9 0.036
5.340248E-02 5.23E-07 19.6 1.674642E-02 1.39E-07 16.6
5.340062E-02 3.51E-07 13.1 -0.121 0.215 1.674629E-02 1.14E-07 13.6 0.012 0.205
5.340005E-02 3.77E-07 14.1 -0.455 1.674612E-02 1.16E-07 13.9 -0.179
5.340012E-02 3.71E-07 13.9 -0.052 0.194 1.674625E-02 1.02E-07 12.2 0.042 0.185
5.340075E-02 3.43E-07 12.8 0.131 1.674624E-02 1.17E-07 14.0 0.072
5.340116E-02 3.72E-07 13.9 0.096 0.188 1.674666E-02 1.05E-07 12.5 0.179 0.183
5.340055E-02 3.34E-07 12.5 -0.037 1.674648E-02 1.06E-07 12.7 0.143
5.340123E-02 3.53E-07 13.2 0.048 0.183 1.674649E-02 1.13E-07 13.5 -0.006 0.188
5.340140E-02 3.45E-07 12.9 0.159 1.674652E-02 1.13E-07 13.5 0.024
5.339238E-02 4.23E-07 15.8 1.674233E-02 1.14E-07 13.6
5.339143E-02 1.06E-06 39.7 -0.185 0.427 1.674240E-02 1.98E-07 23.7 -0.122 0.273
5.339246E-02 4.13E-07 15.5 0.015 1.674288E-02 1.15E-07 13.7 0.328
5.339304E-02 4.12E-07 15.4 -0.027 0.214 1.674300E-02 1.18E-07 14.1 -0.108 0.202
5.339391E-02 3.81E-07 14.3 0.272 1.674348E-02 1.27E-07 15.2 0.358
5.339350E-02 4.26E-07 16.0 -0.020 0.214 1.674341E-02 1.30E-07 15.5 -0.045 0.210
5.339330E-02 3.83E-07 14.3 -0.114 1.674349E-02 1.10E-07 13.1 0.006
5.339237E-02 5.24E-07 19.6 -0.273 0.244 1.674352E-02 1.26E-07 15.1 0.003 0.202
5.339436E-02 3.90E-07 14.6 0.199 1.674354E-02 1.15E-07 13.7 0.030
5.339320E-02 7.66E-07 28.7 -0.280 0.320 1.674353E-02 1.60E-07 19.1 -0.152 0.238
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Na (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 































1.824353E-02 1.68E-07 0.4080041 3.37E-06
1.825618E-02 2.60E-07 0.395 0.4081896 4.08E-06 0.255
1.825443E-02 1.77E-07 0.4081666 2.85E-06
1.827893E-02 2.14E-07 0.4085337 4.10E-06
1.827571E-02 1.44E-07 -0.168 0.4084856 2.34E-06 -0.118
1.827862E-02 1.62E-07 0.4085339 2.63E-06
1.827550E-02 1.68E-07 -0.135 0.4084847 2.45E-06 -0.091
1.827732E-02 1.56E-07 0.4085097 2.28E-06
1.828113E-02 1.41E-07 0.239 0.4085624 2.28E-06 0.151
1.827622E-02 1.45E-07 0.4084916 2.13E-06
1.827691E-02 1.44E-07 -0.086 0.4085013 2.26E-06 -0.060
1.828074E-02 1.66E-07 0.4085602 2.47E-06
1.821520E-02 1.86E-07 0.4076431 3.24E-06
1.819387E-02 4.10E-07 -1.166 0.4073276 8.24E-06 -0.757
1.821501E-02 1.85E-07 0.4076292 3.16E-06
1.820264E-02 1.64E-07 -0.756 0.4074381 2.95E-06 -0.509
1.821782E-02 1.80E-07 0.4076618 2.88E-06
1.820496E-02 1.67E-07 -0.637 0.4074702 2.98E-06 -0.425
1.821531E-02 2.14E-07 0.4076250 3.56E-06
1.820447E-02 2.08E-07 -0.626 0.4074636 3.70E-06 -0.421
1.821642E-02 2.00E-07 0.4076453 2.89E-06
1.820132E-02 2.39E-07 -0.952 0.4074112 5.33E-06 -0.640
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Table A3.1 MC-ICPMS data for Mg (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851653 1.85E-06 9.6 5.338749E-02 4.40E-07 16.5
Doping Mg 0.3851590 2.10E-06 10.9 -0.180 0.149 5.338880E-02 4.49E-07 16.8 0.275 0.242
Ni std Aristar 0.3851666 2.05E-06 10.6 0.034 5.338717E-02 4.90E-07 18.4 -0.060
Doping Mg 0.3851647 2.33E-06 12.1 -0.023 0.160 5.338818E-02 5.21E-07 19.5 0.266 0.262
Ni std Aristar 0.3851646 1.96E-06 10.2 -0.052 5.338635E-02 4.45E-07 16.7 -0.154
September 25th 2007
Ni std Aristar 0.3851637 1.96E-06 10.2 5.339416E-02 4.61E-07 17.3
Doping Mg 1 0.3851610 1.73E-06 9.0 -0.010 0.135 5.339360E-02 4.23E-07 15.8 -0.100 0.236
Ni std Aristar 0.3851591 1.92E-06 10.0 -0.119 5.339411E-02 4.73E-07 17.7 -0.009
Doping Mg 2 0.3851582 1.89E-06 9.8 -0.008 0.138 5.339398E-02 4.22E-07 15.8 -0.001 0.235
Ni std Aristar 0.3851579 1.83E-06 9.5 -0.031 5.339386E-02 4.58E-07 17.2 -0.047
Doping Mg 3 0.3851548 1.81E-06 9.4 -0.053 0.133 5.339355E-02 4.58E-07 17.2 -0.062 0.242
Ni std Aristar 0.3851558 1.82E-06 9.5 -0.055 5.339390E-02 4.50E-07 16.9 0.007
January 8th 2008
Ni std Aristar 0.3852071 1.69E-06 8.8 5.339692E-02 4.55E-07 17.0
Doping Mg 1 0.3852060 1.91E-06 9.9 0.013 0.138 5.339874E-02 4.82E-07 18.1 0.302 0.253
Ni std Aristar 0.3852039 2.00E-06 10.4 -0.083 5.339733E-02 4.92E-07 18.4 0.077
Doping Mg 2 0.3851997 2.01E-06 10.4 -0.065 0.149 5.339757E-02 5.06E-07 19.0 -0.003 0.262
Ni std Aristar 0.3852005 2.10E-06 10.9 -0.088 5.339784E-02 4.73E-07 17.7 0.096
Doping Mg 3 0.3851967 1.88E-06 9.8 -0.061 0.143 5.339711E-02 4.32E-07 16.2 -0.126 0.237
Ni std Aristar 0.3851976 1.94E-06 10.1 -0.075 5.339773E-02 4.53E-07 17.0 -0.021
Doping Mg 4 0.3852021 2.07E-06 10.7 0.044 0.152 5.339898E-02 4.89E-07 18.3 0.316 0.258
Ni std Aristar 0.3852032 2.19E-06 11.4 0.145 5.339686E-02 5.16E-07 19.3 -0.163
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Table A3.1 MC-ICPMS data for Mg (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851653 1.85E-06 9.6 5.338749E-02 4.40E-07 16.5
Doping Mg 0.3851590 2.10E-06 10.9 -0.180 0.149 5.338880E-02 4.49E-07 16.8 0.275 0.242
Ni std Aristar 0.3851666 2.05E-06 10.6 0.034 5.338717E-02 4.90E-07 18.4 -0.060
Doping Mg 0.3851647 2.33E-06 12.1 -0.023 0.160 5.338818E-02 5.21E-07 19.5 0.266 0.262
Ni std Aristar 0.3851646 1.96E-06 10.2 -0.052 5.338635E-02 4.45E-07 16.7 -0.154
September 25th 2007
Ni std Aristar 0.3851637 1.96E-06 10.2 5.339416E-02 4.61E-07 17.3
Doping Mg 1 0.3851610 1.73E-06 9.0 -0.010 0.135 5.339360E-02 4.23E-07 15.8 -0.100 0.236
Ni std Aristar 0.3851591 1.92E-06 10.0 -0.119 5.339411E-02 4.73E-07 17.7 -0.009
Doping Mg 2 0.3851582 1.89E-06 9.8 -0.008 0.138 5.339398E-02 4.22E-07 15.8 -0.001 0.235
Ni std Aristar 0.3851579 1.83E-06 9.5 -0.031 5.339386E-02 4.58E-07 17.2 -0.047
Doping Mg 3 0.3851548 1.81E-06 9.4 -0.053 0.133 5.339355E-02 4.58E-07 17.2 -0.062 0.242
Ni std Aristar 0.3851558 1.82E-06 9.5 -0.055 5.339390E-02 4.50E-07 16.9 0.007
mean (all) -0.044 0.089
2 sd 0.130 0.358
2 se 0.035 0.096
n 14 14
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mg (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ± 2 se ε61Niε60Ni ± se





























0.3851683 1.59E-06 8.3 1.674446E-02 1.04E-07 12.4
0.3851587 1.84E-06 9.6 -0.251 0.126 1.674415E-02 1.06E-07 12.7 -0.206 0.183
0.3851684 1.60E-06 8.3 0.003 1.674453E-02 1.16E-07 13.9 0.042
0.3851642 1.98E-06 10.3 -0.173 0.137 1.674429E-02 1.24E-07 14.8 -0.203 0.199
0.3851733 1.87E-06 9.7 0.127 1.674473E-02 1.06E-07 12.7 0.119
0.3851387 1.45E-06 7.5 1.674287E-02 1.09E-07 13.0
0.3851409 1.25E-06 6.5 0.082 0.102 1.674301E-02 1.00E-07 11.9 0.078 0.178
0.3851368 1.57E-06 8.2 -0.049 1.674289E-02 1.12E-07 13.4 0.012
0.3851351 1.77E-06 9.2 -0.051 0.122 1.674292E-02 1.00E-07 11.9 0.000 0.178
0.3851373 1.52E-06 7.9 0.013 1.674295E-02 1.09E-07 13.0 0.036
0.3851353 1.38E-06 7.2 -0.026 0.110 1.674302E-02 1.09E-07 13.0 0.045 0.183
0.3851353 1.70E-06 8.8 -0.052 1.674294E-02 1.07E-07 12.8 -0.006
0.3851755 1.77E-06 9.2 1.674222E-02 1.08E-07 12.9
0.3851687 1.52E-06 7.9 -0.105 0.121 1.674179E-02 1.14E-07 13.6 -0.227 0.191
0.38517 1.77E-06 9.2 -0.143 1.674212E-02 1.17E-07 14.0 -0.060
0.3851655 1.57E-06 8.2 -0.032 0.124 1.674207E-02 1.20E-07 14.3 0.006 0.198
0.3851635 1.81E-06 9.4 -0.169 1.674200E-02 1.12E-07 13.4 -0.072
0.3851632 1.37E-06 7.1 0.019 0.115 1.674218E-02 1.02E-07 12.2 0.099 0.179
0.3851614 1.66E-06 8.6 -0.055 1.674203E-02 1.07E-07 12.8 0.018
0.3851618 1.88E-06 9.8 -0.075 0.140 1.674173E-02 1.16E-07 13.9 -0.239 0.195
0.385168 2.17E-06 11.3 0.171 1.674223E-02 1.22E-07 14.6 0.119
  
ppm
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mg (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851683 1.59E-06 8.3 1.674446E-02 1.04E-07 12.4
0.3851587 1.84E-06 9.6 -0.251 0.126 1.674415E-02 1.06E-07 12.7 -0.206 0.183
0.3851684 1.60E-06 8.3 0.003 1.674453E-02 1.16E-07 13.9 0.042
0.3851642 1.98E-06 10.3 -0.173 0.137 1.674429E-02 1.24E-07 14.8 -0.203 0.199
0.3851733 1.87E-06 9.7 0.127 1.674473E-02 1.06E-07 12.7 0.119
0.3851387 1.45E-06 7.5 1.674287E-02 1.09E-07 13.0
0.3851409 1.25E-06 6.5 0.082 0.102 1.674301E-02 1.00E-07 11.9 0.078 0.178
0.3851368 1.57E-06 8.2 -0.049 1.674289E-02 1.12E-07 13.4 0.012
0.3851351 1.77E-06 9.2 -0.051 0.122 1.674292E-02 1.00E-07 11.9 0.000 0.178
0.3851373 1.52E-06 7.9 0.013 1.674295E-02 1.09E-07 13.0 0.036
0.3851353 1.38E-06 7.2 -0.026 0.110 1.674302E-02 1.09E-07 13.0 0.045 0.183
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mg (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





























5.339632E-02 4.33E-07 16.2 1.674643E-02 1.20E-07 14.3
5.339894E-02 5.03E-07 18.8 0.493 0.249 1.674684E-02 1.36E-07 16.2 0.269 0.222
5.339629E-02 4.36E-07 16.3 -0.006 1.674635E-02 1.33E-07 15.9 -0.048
5.339743E-02 5.40E-07 20.2 0.338 0.269 1.674647E-02 1.51E-07 18.0 0.036 0.238
5.339496E-02 5.11E-07 19.1 -0.249 1.674647E-02 1.27E-07 15.2 0.072
5.340438E-02 3.96E-07 14.8 1.674653E-02 1.27E-07 15.2
5.340379E-02 3.41E-07 12.8 -0.160 0.201 1.674671E-02 1.12E-07 13.4 0.018 0.201
5.340491E-02 4.29E-07 16.1 0.099 1.674683E-02 1.24E-07 14.8 0.179
5.340538E-02 4.82E-07 18.1 0.102 0.240 1.674689E-02 1.22E-07 14.6 0.012 0.205
5.340476E-02 4.16E-07 15.6 -0.028 1.674691E-02 1.18E-07 14.1 0.048
5.340531E-02 3.77E-07 14.1 0.051 0.217 1.674711E-02 1.17E-07 14.0 0.078 0.198
5.340532E-02 4.63E-07 17.3 0.105 1.674705E-02 1.18E-07 14.1 0.084
5.339434E-02 4.82E-07 18.1 1.674372E-02 1.10E-07 13.1
5.339621E-02 4.16E-07 15.6 0.209 0.238 1.674379E-02 1.23E-07 14.7 -0.021 0.205
5.339585E-02 4.82E-07 18.1 0.283 1.674393E-02 1.29E-07 15.4 0.125
5.339707E-02 4.28E-07 16.0 0.063 0.243 1.674420E-02 1.30E-07 15.5 0.096 0.222
5.339762E-02 4.93E-07 18.5 0.331 1.674415E-02 1.36E-07 16.2 0.131
5.339769E-02 3.73E-07 14.0 -0.042 0.226 1.674440E-02 1.22E-07 14.6 0.093 0.213
5.339821E-02 4.52E-07 16.9 0.110 1.674434E-02 1.25E-07 14.9 0.113
5.339809E-02 5.13E-07 19.2 0.147 0.276 1.674404E-02 1.34E-07 16.0 -0.072 0.226
5.339640E-02 5.93E-07 22.2 -0.339 1.674398E-02 1.42E-07 17.0 -0.215
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mg (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 























5.339632E-02 4.33E-07 16.2 1.674643E-02 1.20E-07 14.3
5.339894E-02 5.03E-07 18.8 0.493 0.249 1.674684E-02 1.36E-07 16.2 0.269 0.222
5.339629E-02 4.36E-07 16.3 -0.006 1.674635E-02 1.33E-07 15.9 -0.048
5.339743E-02 5.40E-07 20.2 0.338 0.269 1.674647E-02 1.51E-07 18.0 0.036 0.238
5.339496E-02 5.11E-07 19.1 -0.249 1.674647E-02 1.27E-07 15.2 0.072
5.340438E-02 3.96E-07 14.8 1.674653E-02 1.27E-07 15.2
5.340379E-02 3.41E-07 12.8 -0.160 0.201 1.674671E-02 1.12E-07 13.4 0.018 0.201
5.340491E-02 4.29E-07 16.1 0.099 1.674683E-02 1.24E-07 14.8 0.179
5.340538E-02 4.82E-07 18.1 0.102 0.240 1.674689E-02 1.22E-07 14.6 0.012 0.205
5.340476E-02 4.16E-07 15.6 -0.028 1.674691E-02 1.18E-07 14.1 0.048
5.340531E-02 3.77E-07 14.1 0.051 0.217 1.674711E-02 1.17E-07 14.0 0.078 0.198
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Mg (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 

























1.823235E-02 1.55E-07 0.4078349 2.95E-06
1.824561E-02 2.10E-07 0.482 0.4080274 3.71E-06 0.307
1.824128E-02 1.98E-07 0.4079692 3.00E-06
1.824667E-02 1.81E-07 0.470 0.4080502 3.39E-07 0.314
1.823490E-02 2.01E-07 0.4078751 3.87E-06
1.826089E-02 2.22E-07 0.4082585 3.51E-06
1.825607E-02 1.38E-07 -0.235 0.4081859 2.28E-06 -0.156
1.825984E-02 1.78E-07 0.4082409 2.97E-06
1.826282E-02 1.58E-07 0.164 0.4082804 3.07E-06 0.097
1.825981E-02 1.64E-07 0.4082404 2.69E-06
1.826239E-02 1.71E-07 0.126 0.4082739 2.78E-06 0.077
1.826037E-02 1.85E-07 0.4082443 3.33E-06
1.819894E-02 1.95E-07 0.4073789 3.34E-06
1.819907E-02 1.47E-07 0.132 0.4073784 2.65E-06 0.090
1.819439E-02 2.02E-07 0.4073048 3.46E-06
1.819470E-02 1.62E-07 0.057 0.4073063 2.75E-06 0.038
1.819293E-02 1.89E-07 0.4072772 3.23E-06
1.819636E-02 1.41E-07 0.145 0.4073275 2.39E-06 0.095
1.819451E-02 1.47E-07 0.4073004 2.69E-06
1.819349E-02 1.75E-07 0.125 0.4072868 3.42E-06 0.086
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Mg (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
1.823235E-02 1.55E-07 0.4078349 2.95E-06
1.824561E-02 2.10E-07 0.482 0.4080274 3.71E-06 0.307
1.824128E-02 1.98E-07 0.4079692 3.00E-06
1.824667E-02 1.81E-07 0.470 0.4080502 3.39E-06 0.314
1.823490E-02 2.01E-07 0.4078751 3.87E-06
1.826089E-02 2.22E-07 0.4082585 3.51E-06
1.825607E-02 1.38E-07 -0.235 0.4081859 2.28E-06 -0.156
1.825984E-02 1.78E-07 0.4082409 2.97E-06
1.826282E-02 1.58E-07 0.164 0.4082804 3.07E-06 0.097
1.825981E-02 1.64E-07 0.4082404 2.69E-06
1.826239E-02 1.71E-07 0.126 0.4082739 2.78E-06 0.077
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Table A3.1 MC-ICPMS data for Al (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851653 1.74E-06 9.0 5.338413E-02 4.37E-07 16.4
Doping Al 0.3851667 2.31E-06 12.0 0.008 0.154 5.338567E-02 5.17E-07 19.4 0.246 0.260
Ni std Aristar 0.3851675 1.95E-06 10.1 0.057 5.338458E-02 4.91E-07 18.4 0.084
Doping Al 0.3851662 2.19E-06 11.4 -0.022 0.155 5.338509E-02 4.88E-07 18.3 0.124 0.258
Ni std Aristar 0.3851666 2.13E-06 11.1 -0.023 5.338428E-02 4.82E-07 18.1 -0.056
September 21st  2007
Ni std Aristar 0.3851680 1.96E-06 10.2 0.047 5.339369E-02 4.68E-07 17.5 1.611
Ni std Aristar 0.3851624 1.86E-06 9.7 5.339433E-02 4.35E-07 16.3
Doping Al 1 0.3851634 1.93E-06 10.0 -0.043 0.123 5.339628E-02 5.04E-07 18.9 0.155 0.229
Ni std Aristar 0.3851677 1.96E-06 10.2 5.339657E-02 4.89E-07 18.3
Doping Al 2 0.3851632 1.94E-06 10.1 0.010 0.141 5.339507E-02 4.91E-07 18.4 -0.064 0.256
Ni std Aristar 0.3851579 1.81E-06 9.4 -0.254 5.339425E-02 4.61E-07 17.3 -0.435
Doping Al 3 0.3851590 1.95E-06 10.1 0.032 0.141 5.339451E-02 4.57E-07 17.1 0.032 0.240
Ni std Aristar 0.3851576 1.94E-06 10.1 -0.008 5.339443E-02 4.37E-07 16.4 0.034
January 8th 2008
Ni std Aristar 0.3852032 2.19E-06 11.4 5.339686E-02 5.16E-07 19.3
Doping Al 1 0.3852017 2.00E-06 10.4 -0.001 0.151 5.339830E-02 5.18E-07 19.4 0.237 0.267
Ni std Aristar 0.3852003 2.04E-06 10.6 -0.075 5.339721E-02 4.62E-07 17.3 0.066
Doping Al 2 0.3851991 2.02E-06 10.5 -0.042 0.153 5.339744E-02 5.15E-07 19.3 -0.034 0.264
Ni std Aristar 0.3852011 2.23E-06 11.6 0.021 5.339803E-02 4.99E-07 18.7 0.154
Doping Al 3 0.3851976 1.89E-06 9.8 -0.092 0.148 5.339779E-02 4.92E-07 18.4 -0.019 0.259
Ni std Aristar 0.3852012 2.04E-06 10.6 0.003 5.339775E-02 4.69E-07 17.6 -0.052
Doping Al 4 0.3851961 1.96E-06 10.2 -0.100 0.147 5.339737E-02 5.00E-07 18.7 -0.142 0.262
Ni std Aristar 0.3851987 2.03E-06 10.5 -0.065 5.339851E-02 5.08E-07 19.0 0.142
Doping Al 5 0.3851987 2.15E-06 11.2 -0.053 0.154 5.339730E-02 4.93E-07 18.5 -0.204 0.263
Ni std Aristar 0.3852028 2.07E-06 10.7 0.106 5.339827E-02 4.93E-07 18.5 -0.045
mean (all) -0.030 0.033
2 sd 0.088 0.308
2 se 0.028 0.097
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Al (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se




































0.3851809 1.45E-06 7.5 1.674525E-02 1.04E-07 12.4
0.3851771 2.04E-06 10.6 -0.084 0.132 1.674489E-02 1.23E-07 14.7 -0.185 0.197
0.3851798 1.59E-06 8.3 -0.029 1.674515E-02 1.16E-07 13.9 -0.060
0.3851758 1.84E-06 9.6 -0.139 0.133 1.674503E-02 1.16E-07 13.9 -0.093 0.195
0.3851825 1.93E-06 10.0 0.070 1.674522E-02 1.14E-07 13.6 0.042
0.3851502 1.48E-06 7.7 -0.665 1.674299E-02 1.11E-07 13.3 -1.218
0.3851402 1.57E-06 8.2 1.674284E-02 1.03E-07 12.3
0.3851331 1.52E-06 7.9 -0.154 0.101 1.674237E-02 1.20E-07 14.3 -0.119 0.174
0.3851379 1.71E-06 8.9 1.674230E-02 1.16E-07 13.9
0.3851367 1.57E-06 8.2 -0.023 0.117 1.674266E-02 1.17E-07 14.0 0.051 0.194
0.3851373 1.52E-06 7.9 -0.016 1.674285E-02 1.09E-07 13.0 0.328
0.3851357 1.50E-06 7.8 -0.048 0.111 1.674279E-02 1.08E-07 12.9 -0.024 0.181
0.3851378 1.50E-06 7.8 0.013 1.674281E-02 1.04E-07 12.4 -0.024
0.385168 2.17E-06 11.3 1.674223E-02 1.22E-07 14.6
0.3851660 2.11E-06 11.0 -0.039 0.151 1.674189E-02 1.23E-07 14.7 -0.179 0.202
0.385167 1.80E-06 9.3 -0.026 1.674215E-02 1.10E-07 13.1 -0.048
0.3851664 1.66E-06 8.6 -0.008 0.141 1.674210E-02 1.22E-07 14.6 0.027 0.200
0.3851664 2.46E-06 12.8 -0.016 1.674196E-02 1.18E-07 14.1 -0.113
0.3851613 1.43E-06 7.4 -0.110 0.137 1.674201E-02 1.17E-07 14.0 0.012 0.196
0.3851647 1.92E-06 10.0 -0.044 1.674202E-02 1.11E-07 13.3 0.036
0.3851617 1.32E-06 6.9 -0.034 0.109 1.674211E-02 1.19E-07 14.2 0.108 0.199
0.3851613 1.27E-06 6.6 -0.088 1.674184E-02 1.21E-07 14.5 -0.108
0.3851651 1.61E-06 8.4 0.029 0.119 1.674213E-02 1.17E-07 14.0 0.155 0.199
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Al (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339286E-02 3.95E-07 14.8 1.674643E-02 1.13E-07 13.5
5.339390E-02 5.56E-07 20.8 0.165 0.260 1.674634E-02 1.50E-07 17.9 -0.012 0.229
5.339318E-02 4.34E-07 16.3 0.060 1.674629E-02 1.26E-07 15.0 -0.084
5.339426E-02 5.02E-07 18.8 0.273 0.261 1.674637E-02 1.42E-07 17.0 0.030 0.232
5.339243E-02 5.27E-07 19.7 -0.140 1.674635E-02 1.38E-07 16.5 0.036
5.340126E-02 4.04E-07 15.1 1.311 1.674626E-02 1.27E-07 15.2 -0.066
5.340398E-02 4.29E-07 16.1 1.674662E-02 1.20E-07 14.3
5.340591E-02 4.51E-07 16.9 0.302 0.209 1.674655E-02 1.25E-07 14.9 0.060 0.184
5.340461E-02 4.67E-07 17.5 1.674628E-02 1.27E-07 15.2
5.340493E-02 4.30E-07 16.1 0.046 0.231 1.674656E-02 1.25E-07 14.9 -0.021 0.209
5.340476E-02 4.14E-07 15.5 0.028 1.674691E-02 1.17E-07 14.0 0.376
5.340521E-02 4.10E-07 15.4 0.095 0.218 1.674684E-02 1.26E-07 15.0 -0.048 0.209
5.340464E-02 4.10E-07 15.4 -0.022 1.674693E-02 1.26E-07 15.0 0.012
5.339640E-02 5.93E-07 22.2 1.674398E-02 1.42E-07 17.0
5.339694E-02 5.75E-07 21.5 0.076 0.297 1.674407E-02 1.30E-07 15.5 0.000 0.226
5.339667E-02 4.91E-07 18.4 0.051 1.674416E-02 1.32E-07 15.8 0.108
5.339683E-02 4.53E-07 17.0 0.014 0.278 1.674424E-02 1.31E-07 15.6 0.063 0.228
5.339684E-02 6.72E-07 25.2 0.032 1.674411E-02 1.45E-07 17.3 -0.030
5.339822E-02 3.90E-07 14.6 0.216 0.269 1.674434E-02 1.23E-07 14.7 0.137 0.221
5.339729E-02 5.23E-07 19.6 0.084 1.674411E-02 1.32E-07 15.8 0.000
5.339812E-02 3.60E-07 13.5 0.069 0.214 1.674444E-02 1.27E-07 15.2 0.149 0.218
5.339821E-02 3.46E-07 13.0 0.172 1.674427E-02 1.31E-07 15.6 0.096
5.339718E-02 4.39E-07 16.4 -0.056 0.234 1.674427E-02 1.23E-07 14.7 0.081 0.216
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Al (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
































1.823949E-02 1.50E-07 0.4079405 2.70E-06
1.823934E-02 1.78E-07 -0.137 0.4079386 3.36E-06 -0.094
1.824418E-02 1.79E-07 0.4080138 2.95E-06
1.824822E-02 1.69E-07 0.239 0.4080726 3.12E-06 0.156
1.824353E-02 1.68E-07 0.4080041 3.37E-06
1.826020E-02 4.07E-07 0.4082527 6.20E-06
1.826118E-02 1.62E-07 0.4082629 2.82E-06
1.826527E-02 1.51E-07 0.288 0.4083259 2.52E-06 0.186
1.825886E-02 2.00E-07 0.4082370 3.23E-06
1.826400E-02 1.65E-07 0.252 0.4083047 2.65E-06 0.162
1.825994E-02 1.56E-07 0.4082403 2.70E-06
1.826432E-02 1.56E-07 0.252 0.4083072 2.80E-06 0.171
1.825949E-02 1.74E-07 0.4082344 2.84E-06
1.818794E-02 2.32E-07 0.4072031 4.20E-06
1.818949E-02 2.06E-07 -0.064 0.4072296 3.96E-06 -0.035
1.819338E-02 1.81E-07 0.4072843 3.50E-06
1.819406E-02 1.80E-07 -0.100 0.4072946 3.11E-06 -0.067
1.819839E-02 2.24E-07 0.4073595 4.64E-06
1.820117E-02 1.51E-07 0.093 0.4073980 2.42E-06 0.053
1.820058E-02 1.68E-07 0.4073932 3.36E-06
1.820136E-02 1.41E-07 0.021 0.4073991 2.14E-06 0.003
1.820136E-02 1.52E-07 0.4074028 2.10E-06
1.820050E-02 1.68E-07 0.002 0.4073881 3.02E-06 -0.010
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Table A3.1 MC-ICPMS data for P (5%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851709 2.13E-06 11.1 5.338821E-02 4.66E-07 17.5
Doping P 0.3851707 2.38E-06 12.4 0.021 0.168 5.338866E-02 4.61E-07 17.3 0.084 0.243
Ni std Aristar 0.3851689 2.24E-06 11.6 -0.052 5.338821E-02 4.43E-07 16.6 0.000
Doping P 0.3851677 2.09E-06 10.9 0.026 0.154 5.338845E-02 4.63E-07 17.3 0.103 0.244
Ni std Aristar 0.3851645 1.93E-06 10.0 -0.114 5.338759E-02 4.72E-07 17.7 -0.116
September 25th 2007
Ni std Aristar 0.3851573 1.84E-06 9.6 5.339156E-02 4.47E-07 16.7
Doping P 1 0.3851563 1.93E-06 10.0 -0.121 0.134 5.339346E-02 4.56E-07 17.1 0.085 0.238
Ni std Aristar 0.3851646 1.59E-06 8.3 0.190 5.339445E-02 4.38E-07 16.4 0.541
Doping P 2 0.3851558 1.59E-06 8.3 -0.187 0.121 5.339410E-02 4.65E-07 17.4 0.183 0.244
Ni std (Aristar 8) 0.3851614 1.81E-06 9.4 -0.083 5.339180E-02 4.75E-07 17.8 -0.496
Doping P 3 0.3851567 1.96E-06 10.2 -0.077 0.136 5.339244E-02 5.10E-07 19.1 0.131 0.258
Ni std (Aristar 9) 0.3851579 1.67E-06 8.7 -0.091 5.339168E-02 4.49E-07 16.8 -0.022
April 24th 2008 
Ni std Aristar 0.3852086 1.75E-06 9.1 5.339188E-02 4.72E-07 17.7
Doping P 1 (7317) 0.3852125 1.86E-06 9.7 0.140 0.135 5.339229E-02 4.52E-07 16.9 0.164 0.248
Ni std Aristar 0.3852056 1.88E-06 9.8 -0.078 5.339095E-02 4.95E-07 18.5 -0.174
Doping P 2 (7319) 0.3852124 1.72E-06 8.9 0.170 0.130 5.339176E-02 4.75E-07 17.8 0.137 0.249
Ni std Aristar 0.3852061 1.78E-06 9.2 0.013 5.339111E-02 4.29E-07 16.1 0.030
Doping P 3 (7321) 0.3852059 1.66E-06 8.6 0.039 0.126 5.339058E-02 4.40E-07 16.5 -0.034 0.232
Ni std Aristar 0.3852027 1.77E-06 9.2 -0.088 5.339041E-02 4.46E-07 16.7 -0.131
Doping P 4 (7323) 0.3852031 1.86E-06 9.7 0.056 0.135 5.339146E-02 4.44E-07 16.6 0.198 0.242
Ni std Aristar 0.3851992 1.86E-06 9.7 -0.091 5.339040E-02 4.89E-07 18.3 -0.002
mean (all) 0.007 0.117
2 sd 0.234 0.139
2 se 0.078 0.046
n 9 9
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for P (5%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851703 2.13E-06 11.1 1.674429E-02 1.11E-07 13.3
0.3851687 2.21E-06 11.5 -0.018 0.160 1.674418E-02 1.09E-07 13.0 -0.066 0.183
0.3851685 2.15E-06 11.2 -0.047 1.674429E-02 1.05E-07 12.5 0.000
0.3851654 1.84E-06 9.6 -0.027 0.141 1.674423E-02 1.10E-07 13.1 -0.078 0.185
0.3851644 1.81E-06 9.4 -0.106 1.674443E-02 1.12E-07 13.4 0.084
0.3851405 1.41E-06 7.3 1.674349E-02 1.06E-07 12.7
0.3851365 1.35E-06 7.0 -0.160 0.096 1.674304E-02 1.08E-07 12.9 -0.066 0.180
0.3851448 1.12E-06 5.8 0.112 1.674281E-02 1.04E-07 12.4 -0.406
0.3851362 1.37E-06 7.1 -0.270 0.098 1.674289E-02 1.10E-07 13.1 -0.137 0.185
0.3851484 1.46E-06 7.6 0.093 1.674343E-02 1.13E-07 13.5 0.370
0.3851420 1.14E-06 5.9 -0.149 0.095 1.674328E-02 1.21E-07 14.5 -0.099 0.195
0.3851471 1.39E-06 7.2 -0.034 1.674346E-02 1.07E-07 12.8 0.018
0.3851963 1.33E-06 6.9 1.674342E-02 1.12E-07 13.4
0.3851983 1.26E-06 6.5 0.074 0.093 1.674332E-02 1.07E-07 12.8 -0.125 0.188
0.3851946 1.20E-06 6.2 -0.044 1.674364E-02 1.18E-07 14.1 0.131
0.3851988 1.06E-06 5.5 0.093 0.083 1.674345E-02 1.13E-07 13.5 -0.102 0.189
0.3851958 1.21E-06 6.3 0.031 1.674360E-02 1.02E-07 12.2 -0.024
0.3851965 1.19E-06 6.2 0.044 0.091 1.674372E-02 1.04E-07 12.4 0.021 0.176
0.3851938 1.37E-06 7.1 -0.052 1.674377E-02 1.06E-07 12.7 0.102
0.3851922 1.21E-06 6.3 -0.014 0.091 1.674352E-02 1.05E-07 12.5 -0.149 0.183
















Ni std (Aristar 8)
Doping P 3
Ni std (Aristar 9)
April 24th 2008 
Ni std Aristar
Doping P 1 (7317)
Ni std Aristar
Doping P 2 (7319)
Ni std Aristar
Doping P 3 (7321)
Ni std Aristar
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for P (5%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339578E-02 5.81E-07 21.8 1.674607E-02 1.38E-07 16.5
5.339620E-02 6.03E-07 22.6 0.033 0.314 1.674608E-02 1.54E-07 18.4 -0.033 0.250
5.339627E-02 5.86E-07 21.9 1.674620E-02 1.45E-07 17.3
5.339710E-02 5.02E-07 18.8 0.052 0.277 1.674627E-02 1.35E-07 16.1 -0.042 0.228
5.339737E-02 4.95E-07 18.5 0.206 1.674648E-02 1.25E-07 14.9 0.167
5.340390E-02 3.85E-07 14.4 1.674718E-02 1.19E-07 14.2
5.340498E-02 3.69E-07 13.8 0.312 0.190 1.674701E-02 1.25E-07 14.9 0.107 0.200
5.340273E-02 3.06E-07 11.5 -0.219 1.674648E-02 1.03E-07 12.3 -0.418
5.340508E-02 3.75E-07 14.0 0.533 0.194 1.674705E-02 1.03E-07 12.3 0.281 0.180
5.340174E-02 3.99E-07 14.9 -0.185 1.674668E-02 1.17E-07 14.0 0.119
5.340350E-02 3.10E-07 11.6 0.296 0.186 1.674702E-02 1.27E-07 15.2 0.134 0.203
5.340210E-02 3.79E-07 14.2 0.067 1.674691E-02 1.08E-07 12.9 0.137
5.338866E-02 3.63E-07 13.6 1.674342E-02 1.14E-07 13.6
5.338813E-02 3.44E-07 12.9 -0.143 0.183 1.674337E-02 1.20E-07 14.3 -0.149 0.201
5.338913E-02 3.27E-07 12.2 0.088 1.674382E-02 1.21E-07 14.5 0.239
5.338798E-02 2.89E-07 10.8 -0.184 0.164 1.674338E-02 1.11E-07 13.3 -0.254 0.194
5.338880E-02 3.30E-07 12.4 -0.062 1.674379E-02 1.15E-07 13.7 -0.018
5.338861E-02 3.24E-07 12.1 -0.087 0.179 1.674380E-02 1.07E-07 12.8 -0.060 0.188
5.338935E-02 3.74E-07 14.0 0.103 1.674401E-02 1.15E-07 13.7 0.131
5.338978E-02 3.31E-07 12.4 0.026 0.180 1.674399E-02 1.20E-07 14.3 -0.081 0.201
















Ni std (Aristar 8)
Doping P 3
Ni std (Aristar 9)
April 24th 2008 
Ni std Aristar
Doping P 1 (7317)
Ni std Aristar
Doping P 2 (7319)
Ni std Aristar
Doping P 3 (7321)
Ni std Aristar
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for P (5%) Aristar Ni standard (bracketed with Aristar Ni standard) 












Ni std (Aristar 8)
Doping P 3
Ni std (Aristar 9)
April 24th 2008
Ni std Aristar
Doping P 1 (7317)
Ni std Aristar
Doping P 2 (7319)
Ni std Aristar
Doping P 3 (7321)
Ni std Aristar






1.822664E-02 2.18E-07 0.4077553 4.14E-06
1.821564E-02 1.93E-07 -0.440 0.4075902 3.74E-06 -0.290
1.822067E-02 1.91E-07 0.4076612 4.06E-06
1.822127E-02 1.91E-07 -0.154 0.4076685 3.59E-06 -0.100
1.822747E-02 1.90E-07 0.4077575 3.41E-06
1.825993E-02 1.74E-07 0.4082350 2.60E-06
1.826134E-02 1.65E-07 0.171 0.4082569 2.58E-06 0.101
1.825650E-02 1.37E-07 0.4081962 2.02E-06
1.826249E-02 1.71E-07 0.458 0.4082764 2.48E-06 0.292
1.825175E-02 2.31E-07 0.4081186 3.54E-06
1.825839E-02 1.53E-07 0.380 0.4082163 1.92E-06 0.249
1.825117E-02 1.64E-07 0.4081107 2.55E-06
1.825473E-02 2.35E-07 0.4082156 3.56E-06
1.825587E-02 2.07E-07 -0.136 0.4082384 3.36E-06 -0.078
1.826199E-02 2.21E-07 0.4083246 3.08E-06
1.825611E-02 1.68E-07 -0.261 0.4082392 2.42E-06 -0.164
1.825978E-02 1.75E-07 0.4082879 2.49E-06
1.825490E-02 1.69E-07 -0.263 0.4082148 2.31E-06 -0.174
1.825963E-02 2.09E-07 0.4082835 3.17E-06
1.825311E-02 2.26E-07 -0.417 0.4081845 3.18E-06 -0.276
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Table A3.1 MC-ICPMS data for Ca (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851597 1.93E-06 10.0 5.338402E-02 4.78E-07 17.9
Doping Ca 0.3851547 2.00E-06 10.4 -0.231 0.143 5.338546E-02 5.24E-07 19.6 0.077 0.260
Ni std Aristar 0.3851675 1.86E-06 9.7 0.203 5.338608E-02 4.30E-07 16.1 0.386
Doping Ca 0.3851613 2.33E-06 12.1 -0.088 0.154 5.338508E-02 5.07E-07 19.0 -0.102 0.251
Ni std Aristar 0.3851619 1.83E-06 9.5 -0.145 5.338517E-02 4.46E-07 16.7 -0.170
September 24th 2007
Ni std Aristar 0.3851624 1.72E-06 8.9 5.339488E-02 4.71E-07 17.6
Doping Ca 1 0.3851586 2.06E-06 10.7 -0.105 0.139 5.339359E-02 4.70E-07 17.6 -0.280 0.248
Ni std Aristar 0.3851629 1.72E-06 8.9 5.339529E-02 4.58E-07 17.2
Septmeber 25th 2007
Ni std Aristar 0.3851754 1.63E-06 8.5 5.339527E-02 4.18E-07 15.7
Doping Ca 2 0.3851725 1.88E-06 9.8 0.022 0.139 5.339761E-02 4.53E-07 17.0 0.370 0.244
Ni std Aristar 0.3851679 2.13E-06 11.1 5.339600E-02 5.12E-07 19.2
Doping Ca 3 0.3851642 2.08E-06 10.8 -0.057 0.150 5.339654E-02 4.61E-07 17.3 0.036 0.252
Ni std Aristar 0.3851649 1.90E-06 9.9 5.339670E-02 4.69E-07 17.6
January 16th 2008
Ni std Aristar 0.3852403 1.76E-06 9.1 5.340759E-02 4.43E-07 16.6
Doping Ca 1 0.3852377 1.73E-06 9.0 0.104 0.128 5.340791E-02 4.86E-07 18.2 0.250 0.242
Ni std Aristar 0.3852271 1.78E-06 9.2 -0.343 5.340556E-02 4.05E-07 15.2 -0.380
Doping Ca 2 0.3852314 1.80E-06 9.3 0.152 0.134 5.340746E-02 4.86E-07 18.2 0.243 0.247
Ni std Aristar 0.3852240 1.92E-06 10.0 -0.080 5.340676E-02 4.84E-07 18.1 0.225
Doping Ca 3 0.3852264 1.83E-06 9.5 0.135 0.137 5.340782E-02 4.62E-07 17.3 0.372 0.243
Ni std Aristar 0.3852184 1.90E-06 9.9 -0.145 5.340491E-02 4.29E-07 16.1 -0.346
Doping Ca 4 0.3852192 2.04E-06 10.6 0.030 0.147 5.340613E-02 4.95E-07 18.5 0.183 0.249
Ni std Aristar 0.3852177 2.00E-06 10.4 -0.018 5.340540E-02 4.57E-07 17.1 0.092
Doping Ca 5 0.3852173 2.11E-06 11.0 -0.027 0.147 5.340685E-02 5.17E-07 19.4 0.135 0.256
Ni std Aristar 0.3852190 1.79E-06 9.3 0.034 5.340686E-02 4.39E-07 16.4 0.273
mean (all) -0.007 0.128
2 sd 0.240 0.411
2 se 0.076 0.130
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Ca (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se



































0.3851737 1.48E-06 7.7 1.674528E-02 1.14E-07 13.6
0.3851637 1.80E-06 9.3 -0.274 0.125 1.674494E-02 1.24E-07 14.8 -0.057 0.197
0.3851748 1.72E-06 8.9 0.029 1.674479E-02 1.02E-07 12.2 -0.293
0.3851682 1.98E-06 10.3 -0.157 0.131 1.674503E-02 1.20E-07 14.3 0.078 0.190
0.3851737 1.40E-06 7.3 -0.029 1.674501E-02 1.06E-07 12.7 0.131
0.3851377 1.41E-06 7.3 1.674270E-02 1.12E-07 13.4
0.3851393 1.64E-06 8.5 0.053 0.111 1.674301E-02 1.12E-07 13.4 0.212 0.188
0.3851368 1.30E-06 6.8 1.674261E-02 1.09E-07 13.0
0.3851488 1.42E-06 7.4 1.674261E-02 9.91E-08 11.8
0.3851391 1.62E-06 8.4 0.026 0.116 1.674206E-02 1.07E-07 12.8 -0.278 0.188
0.3851394 1.75E-06 9.1 1.674244E-02 1.21E-07 14.5
0.3851315 1.88E-06 9.8 -0.083 0.116 1.674231E-02 1.09E-07 13.0 0.024 0.160
0.3851347 1.69E-06 8.8 1.674227E-02 1.11E-07 13.3
0.3851681 1.38E-06 7.2 1.673969E-02 1.05E-07 12.5
0.3851655 1.45E-06 7.5 0.001 0.104 1.673962E-02 1.15E-07 13.7 -0.185 0.183
0.3851628 1.41E-06 7.3 -0.138 1.674017E-02 9.61E-08 11.5 0.287
0.3851586 1.43E-06 7.4 -0.022 0.105 1.673972E-02 1.15E-07 13.7 -0.185 0.187
0.3851561 1.46E-06 7.6 -0.174 1.673989E-02 1.15E-07 13.7 -0.167
0.3851548 1.36E-06 7.1 -0.040 0.106 1.673964E-02 1.09E-07 13.0 -0.281 0.184
0.3851566 1.60E-06 8.3 0.013 1.674033E-02 1.02E-07 12.2 0.263
0.3851516 1.65E-06 8.6 -0.087 0.126 1.674004E-02 1.17E-07 14.0 -0.137 0.188
0.3851533 1.92E-06 10.0 -0.086 1.674021E-02 1.08E-07 12.9 -0.072
0.3851522 1.55E-06 8.0 -0.003 0.121 1.673987E-02 1.23E-07 14.7 -0.099 0.194
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Ca (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339484E-02 4.05E-07 15.2 1.674679E-02 1.25E-07 14.9
5.339756E-02 4.90E-07 18.4 0.538 0.246 1.674712E-02 1.29E-07 15.4 0.346 0.213
5.339454E-02 4.68E-07 17.5 -0.056 1.674629E-02 1.21E-07 14.5 -0.299
5.339634E-02 5.40E-07 20.2 0.309 0.258 1.674669E-02 1.51E-07 18.0 0.131 0.230
5.339484E-02 3.81E-07 14.3 0.056 1.674665E-02 1.18E-07 14.1 0.215
5.340467E-02 3.84E-07 14.4 1.674662E-02 1.11E-07 13.3
5.340422E-02 4.48E-07 16.8 -0.107 0.217 1.674687E-02 1.33E-07 15.9 0.161 0.207
5.340491E-02 3.54E-07 13.3 1.674658E-02 1.11E-07 13.3
5.340165E-02 3.87E-07 14.5 1.674577E-02 1.06E-07 12.7
5.340428E-02 4.41E-07 16.5 -0.051 0.228 1.674596E-02 1.22E-07 14.6 -0.275 0.209
5.340420E-02 4.78E-07 17.9 1.674626E-02 1.38E-07 16.5
5.340635E-02 5.13E-07 19.2 0.163 0.228 1.674650E-02 1.35E-07 16.1 0.024 0.192
5.340548E-02 4.61E-07 17.3 1.674646E-02 1.23E-07 14.7
5.339638E-02 3.77E-07 14.1 1.674158E-02 1.14E-07 13.6
5.339709E-02 3.97E-07 14.9 -0.001 0.206 1.674174E-02 1.12E-07 13.4 -0.158 0.191
5.339781E-02 3.85E-07 14.4 0.268 1.674243E-02 1.15E-07 13.7 0.508
5.339895E-02 3.89E-07 14.6 0.043 0.207 1.674215E-02 1.16E-07 13.9 -0.227 0.199
5.339963E-02 3.98E-07 14.9 0.341 1.674263E-02 1.24E-07 14.8 0.119
5.340000E-02 3.70E-07 13.9 0.086 0.209 1.674247E-02 1.18E-07 14.1 -0.203 0.204
5.339945E-02 4.35E-07 16.3 -0.034 1.674299E-02 1.23E-07 14.7 0.215
5.340086E-02 4.51E-07 16.9 0.175 0.247 1.674294E-02 1.32E-07 15.8 -0.045 0.218
5.340040E-02 5.25E-07 19.7 0.178 1.674304E-02 1.30E-07 15.5 0.030
5.340070E-02 4.23E-07 15.8 0.005 0.239 1.674307E-02 1.37E-07 16.4 0.042 0.220
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± se ± se61Ni/58Ni 60Ni/58Ni
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Table A3.1 (continued) MC-ICPMS data for Ca (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
































1.823602E-02 1.56E-07 0.4078818 2.52E-06
1.825568E-02 2.02E-07 1.110 0.4081721 3.35E-06 0.721
1.823486E-02 2.20E-07 0.4078744 3.69E-06
1.825170E-02 1.75E-07 0.759 0.4081178 3.52E-06 0.493
1.824084E-02 1.82E-07 0.4079587 2.83E-06
1.823976E-02 1.80E-07 0.4079427 2.60E-06
1.824882E-02 1.72E-07 0.352 0.4080735 3.08E-06 0.225
1.824504E-02 1.52E-07 0.4080205 2.31E-06
1.827373E-02 1.90E-07 0.4084647 2.86E-06
1.827497E-02 1.66E-07 0.285 0.4084818 2.97E-06 0.741
1.826578E-02 1.82E-07 0.4083381 3.19E-06
1.827253E-02 1.67E-07 0.522 0.4084349 3.36E-06 0.339
1.826300E-02 2.66E-07 0.4082966 4.22E-06
1.821002E-02 1.80E-07 0.4075768 2.82E-06
1.821429E-02 1.58E-07 0.250 0.4076373 2.58E-06 0.177
1.820947E-02 1.53E-07 0.4075539 2.65E-06
1.821613E-02 1.39E-07 0.393 0.4076577 2.23E-06 0.276
1.820847E-02 1.50E-07 0.4075368 2.56E-06
1.821361E-02 1.31E-07 0.250 0.4076162 2.25E-06 0.179
1.820964E-02 1.57E-07 0.4075494 2.73E-06
1.821487E-02 1.63E-07 0.222 0.4076274 2.89E-06 0.151
1.821200E-02 1.72E-07 0.4075821 3.38E-06
1.821817E-02 1.72E-07 0.286 0.4076778 2.79E-06 0.198
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Table A3.1 MC-ICPMS data for Ti (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851605 1.74E-06 9.0 5.338469E-02 4.16E-07 15.6
Doping Ti 0.3851632 2.02E-06 10.5 0.012 0.136 5.338614E-02 4.29E-07 16.1 0.152 0.223
Ni std Aristar 0.3851650 1.61E-06 8.4 0.117 5.338597E-02 4.10E-07 15.4 0.240
Doping Ti 0.3851625 2.31E-06 12.0 0.004 0.151 5.338594E-02 5.04E-07 18.9 0.177 0.252
Ni std Aristar 0.3851597 1.93E-06 10.0 -0.138 5.338402E-02 4.78E-07 17.9 -0.365
September 2oth
Ni std Aristar 0.3851649 1.90E-06 9.9 5.339670E-02 4.69E-07 17.6
Doping Ti 1 0.3851608 2.13E-06 11.1 -0.103 0.151 5.339586E-02 5.05E-07 18.9 -0.121 0.262
Ni std Aristar 0.3851646 2.08E-06 10.8 -0.008 5.339631E-02 5.01E-07 18.8 -0.073
Doping Ti 2 0.3851599 2.06E-06 10.7 -0.162 0.147 5.339561E-02 4.91E-07 18.4 0.168 0.259
Ni std Aristar 0.3851677 1.81E-06 9.4 0.080 5.339312E-02 4.75E-07 17.8 -0.597
Doping Ti 3 0.3851617 1.83E-06 9.5 -0.110 0.134 5.339484E-02 4.71E-07 17.6 0.291 0.250
Ni std Aristar 0.3851642 1.82E-06 9.5 -0.091 5.339345E-02 4.71E-07 17.6 0.062
August 28th 2007
Ni std Aristar 0.3851605 1.74E-06 9.0 5.338469E-02 4.16E-07 15.6
Doping Ti 0.3851632 2.02E-06 10.5 0.012 0.136 5.338614E-02 4.29E-07 16.1 0.152 0.223
Ni std Aristar 0.3851650 1.61E-06 8.4 0.117 5.338597E-02 4.10E-07 15.4 0.240
Doping Ti 0.3851625 2.31E-06 12.0 0.004 0.151 5.338594E-02 5.04E-07 18.9 0.177 0.252
Ni std Aristar 0.3851597 1.93E-06 10.0 -0.138 5.338402E-02 4.78E-07 17.9 -0.365
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Table A3.1 MC-ICPMS data for Ti (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851649 1.90E-06 9.9 5.339670E-02 4.69E-07 17.6
Doping Ti 1 0.3851608 2.13E-06 11.1 -0.103 0.151 5.339586E-02 5.05E-07 18.9 -0.121 0.262
Ni std Aristar 0.3851646 2.08E-06 10.8 -0.008 5.339631E-02 5.01E-07 18.8 -0.073
Doping Ti 2 0.3851599 2.06E-06 10.7 -0.162 0.147 5.339561E-02 4.91E-07 18.4 0.168 0.259
Ni std Aristar 0.3851677 1.81E-06 9.4 0.080 5.339312E-02 4.75E-07 17.8 -0.597
Doping Ti 3 0.3851617 1.83E-06 9.5 -0.110 0.134 5.339484E-02 4.71E-07 17.6 0.291 0.250
Ni std Aristar 0.3851642 1.82E-06 9.5 -0.091 5.339345E-02 4.71E-07 17.6 0.062
January 16th 2008
Ni std Aristar 0.3852190 1.79E-06 9.3 5.340686E-02 4.39E-07 16.4
Doping Ti 1 0.3852159 1.85E-06 9.6 -0.104 0.131 5.340600E-02 4.18E-07 15.7 -0.095 0.233
Ni std Aristar 0.3852208 1.66E-06 8.6 0.047 5.340616E-02 4.84E-07 18.1 -0.131
Doping Ti 2 0.3852138 1.57E-06 8.2 -0.040 0.124 5.340570E-02 4.17E-07 15.6 0.062 0.232
Ni std Aristar 0.3852099 1.93E-06 10.0 -0.283 5.340458E-02 4.32E-07 16.2 -0.296
Doping Ti 3 0.3852068 1.78E-06 9.2 -0.109 0.134 5.340480E-02 4.64E-07 17.4 0.049 0.241
Ni std Aristar 0.3852121 1.83E-06 9.5 0.057 5.340450E-02 4.56E-07 17.1 -0.015
mean (all) -0.075 0.104
2 sd 0.129 0.282
2 se 0.036 0.078
n 13 13
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Ti (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se

























0.3851728 1.68E-06 8.7 1.674512E-02 9.87E-08 11.8
0.3851707 1.98E-06 10.3 -0.078 0.133 1.674478E-02 1.02E-07 12.2 -0.113 0.169
0.3851746 1.55E-06 8.0 0.047 1.674482E-02 9.74E-08 11.6 -0.179
0.3851701 1.78E-06 9.2 -0.105 0.121 1.674482E-02 1.20E-07 14.3 -0.137 0.191
0.3851737 1.48E-06 7.7 -0.023 1.674528E-02 1.14E-07 13.6 0.275
0.3851347 1.69E-06 8.8 1.674227E-02 1.11E-07 13.3
0.3851310 1.99E-06 10.3 -0.086 0.138 1.674247E-02 1.20E-07 14.3 0.093 0.199
0.3851339 1.82E-06 9.5 -0.021 1.674236E-02 1.19E-07 14.2 0.054
0.3851306 2.25E-06 11.7 -0.284 0.147 1.674253E-02 1.16E-07 13.9 -0.125 0.196
0.3851492 1.59E-06 8.3 0.397 1.674312E-02 1.13E-07 13.5 0.454
0.3851363 1.47E-06 7.6 -0.314 0.110 1.674272E-02 1.12E-07 13.4 -0.215 0.190
0.3851476 1.44E-06 7.5 -0.042 1.674304E-02 1.12E-07 13.4 -0.048
0.3851728 1.68E-06 8.7 1.674512E-02 9.87E-08 11.8
0.3851707 1.98E-06 10.3 -0.078 0.133 1.674478E-02 1.02E-07 12.2 -0.113 0.169
0.3851746 1.55E-06 8.0 0.047 1.674482E-02 9.74E-08 11.6 -0.179
0.3851701 1.78E-06 9.2 -0.105 0.121 1.674482E-02 1.20E-07 14.3 -0.137 0.191
0.3851737 1.48E-06 7.7 -0.023 1.674528E-02 1.14E-07 13.6 0.275
± 2 se
ppm
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Ti (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851347 1.69E-06 8.8 1.674227E-02 1.11E-07 13.3
0.3851310 1.99E-06 10.3 -0.086 0.138 1.674247E-02 1.20E-07 14.3 0.093 0.199
0.3851339 1.82E-06 9.5 -0.021 1.674236E-02 1.19E-07 14.2 0.054
0.3851306 2.25E-06 11.7 -0.284 0.147 1.674253E-02 1.16E-07 13.9 -0.125 0.196
0.3851492 1.59E-06 8.3 0.397 1.674312E-02 1.13E-07 13.5 0.454
0.3851363 1.47E-06 7.6 -0.314 0.110 1.674272E-02 1.12E-07 13.4 -0.215 0.190
0.3851476 1.44E-06 7.5 -0.042 1.674304E-02 1.12E-07 13.4 -0.048
0.3851513 1.56E-06 8.1 1.673986E-02 1.04E-07 12.4
0.3851513 1.51E-06 7.8 -0.052 0.113 1.674007E-02 9.92E-08 11.9 0.075 0.177
0.3851553 1.56E-06 8.1 0.104 1.674003E-02 1.15E-07 13.7 0.102
0.3851492 1.36E-06 7.1 -0.100 0.108 1.674014E-02 9.89E-08 11.8 -0.045 0.176
0.3851508 1.58E-06 8.2 -0.117 1.674040E-02 1.02E-07 12.2 0.221
0.3851474 1.32E-06 6.9 -0.088 0.103 1.674035E-02 1.10E-07 13.1 -0.036 0.182
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Ti (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 

























5.339508E-02 4.59E-07 17.2 1.674674E-02 1.12E-07 13.4
5.339566E-02 5.39E-07 20.2 0.155 0.261 1.674656E-02 1.31E-07 15.6 -0.021 0.203
5.339459E-02 4.24E-07 15.9 -0.092 1.674645E-02 1.04E-07 12.4 -0.173
5.339581E-02 4.85E-07 18.2 0.205 0.239 1.674661E-02 1.50E-07 17.9 -0.006 0.226
5.339484E-02 4.05E-07 15.2 0.047 1.674679E-02 1.25E-07 14.9 0.203
5.340548E-02 4.61E-07 17.3 1.674646E-02 1.23E-07 14.7
5.340648E-02 5.42E-07 20.3 0.167 0.271 1.674672E-02 1.38E-07 16.5 0.152 0.226
5.340570E-02 4.96E-07 18.6 0.041 1.674647E-02 1.35E-07 16.1 0.006
5.340661E-02 6.14E-07 23.0 0.560 0.289 1.674678E-02 1.33E-07 15.9 0.245 0.219
5.340154E-02 4.33E-07 16.2 -0.779 1.674627E-02 1.17E-07 14.0 -0.119
5.340505E-02 4.02E-07 15.1 0.619 0.216 1.674667E-02 1.18E-07 14.1 0.170 0.199
5.340195E-02 3.93E-07 14.7 0.077 1.674650E-02 1.18E-07 14.1 0.137
5.339508E-02 4.59E-07 17.2 1.674674E-02 1.12E-07 13.4
5.339566E-02 5.39E-07 20.2 0.155 0.261 1.674656E-02 1.31E-07 15.6 -0.021 0.203
5.339459E-02 4.24E-07 15.9 -0.092 1.674645E-02 1.04E-07 12.4 -0.173
5.339581E-02 4.85E-07 18.2 0.205 0.239 1.674661E-02 1.50E-07 17.9 -0.006 0.226
5.339484E-02 4.05E-07 15.2 0.047 1.674679E-02 1.25E-07 14.9 0.203
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Ti (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.340548E-02 4.61E-07 17.3 1.674646E-02 1.23E-07 14.7
5.340648E-02 5.42E-07 20.3 0.167 0.271 1.674672E-02 1.38E-07 16.5 0.152 0.226
5.340570E-02 4.96E-07 18.6 0.041 1.674647E-02 1.35E-07 16.1 0.006
5.340661E-02 6.14E-07 23.0 0.560 0.289 1.674678E-02 1.33E-07 15.9 0.245 0.219
5.340154E-02 4.33E-07 16.2 -0.779 1.674627E-02 1.17E-07 14.0 -0.119
5.340505E-02 4.02E-07 15.1 0.619 0.216 1.674667E-02 1.18E-07 14.1 0.170 0.199
5.340195E-02 3.93E-07 14.7 0.077 1.674650E-02 1.18E-07 14.1 0.137
5.340095E-02 4.26E-07 16.0 1.674296E-02 1.16E-07 13.9
5.340094E-02 4.11E-07 15.4 0.100 0.222 1.674316E-02 1.20E-07 14.3 0.155 0.196
5.339986E-02 4.25E-07 15.9 -0.204 1.674284E-02 1.07E-07 12.8 -0.072
5.340151E-02 3.70E-07 13.9 0.194 0.212 1.674329E-02 1.02E-07 12.2 0.060 0.185
5.340109E-02 4.31E-07 16.1 0.230 1.674354E-02 1.25E-07 14.9 0.418
5.340200E-02 3.61E-07 13.5 0.172 0.203 1.674374E-02 1.15E-07 13.7 0.161 0.200
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Ti (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





















1.823925E-02 2.29E-07 0.4079319 3.86E-06
1.824290E-02 1.76E-07 0.283 0.4079881 3.52E-06 0.189
1.823623E-02 1.45E-07 0.4078904 2.68E-06
1.824221E-02 1.94E-07 0.334 0.4079798 3.13E-06 0.230
1.823602E-02 1.56E-07 0.4078818 2.52E-06
1.826300E-02 2.66E-07 0.4082966 4.22E-06
1.827248E-02 2.14E-07 0.575 0.4084321 4.10E-06 0.374
1.826097E-02 2.21E-07 0.4082626 3.71E-06
1.827096E-02 2.40E-07 0.868 0.4084063 4.38E-06 0.563
1.824927E-02 1.70E-07 0.4080906 2.88E-06
1.826487E-02 1.86E-07 0.883 0.4083172 2.90E-06 0.578
1.824825E-02 1.66E-07 0.4080723 2.92E-06
1.823925E-02 2.29E-07 0.4079319 3.86E-06
1.824290E-02 1.76E-07 0.283 0.4079881 3.52E-06 0.189
1.823623E-02 1.45E-07 0.4078904 2.68E-06
1.824221E-02 1.94E-07 0.334 0.4079798 3.13E-06 0.230
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Ti (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
1.826300E-02 2.66E-07 0.4082966 4.22E-06
1.827248E-02 2.14E-07 0.575 0.4084321 4.10E-06 0.374
1.826097E-02 2.21E-07 0.4082626 3.71E-06
1.827096E-02 2.40E-07 0.868 0.4084063 4.38E-06 0.563
1.824927E-02 1.70E-07 0.4080906 2.88E-06
1.826487E-02 1.86E-07 0.883 0.4083172 2.90E-06 0.578
1.824825E-02 1.66E-07 0.4080723 2.92E-06
1.821391E-02 1.64E-07 0.4076123 2.82E-06
1.821932E-02 1.42E-07 0.284 0.4076930 2.65E-06 0.187
1.821438E-02 1.64E-07 0.4076209 2.73E-06
1.821987E-02 1.44E-07 0.252 0.4076951 2.39E-06 0.162
1.821617E-02 1.39E-07 0.4076369 2.83E-06
1.822114E-02 1.42E-07 0.279 0.4077099 2.17E-06 0.183
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Table A3.1 MC-ICPMS data for Cr (5%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851646 1.96E-06 10.2 5.338635E-02 4.45E-07 16.7
Doping Cr 0.3851571 2.05E-06 10.6 -0.209 0.146 5.338917E-02 4.98E-07 18.7 0.505 0.252
Ni std Aristar 0.3851657 1.87E-06 9.7 0.029 5.338660E-02 4.63E-07 17.3 0.047
Doping Cr 0.3851549 2.26E-06 11.7 -0.213 0.150 5.338741E-02 5.28E-07 19.8 0.331 0.258
Ni std Aristar 0.3851605 1.74E-06 9.0 -0.135 5.338469E-02 4.16E-07 15.6 -0.358
September 25th 2007
Ni std Aristar 0.3851642 1.82E-06 9.5 5.339345E-02 4.71E-07 17.6
Doping Cr 1 0.3851637 1.82E-06 9.5 -0.042 0.132 5.339594E-02 4.44E-07 16.6 0.442 0.238
Ni std Aristar 0.3851664 1.74E-06 9.0 0.057 5.339371E-02 4.41E-07 16.5 0.049
Doping Cr 2 0.3851603 1.88E-06 9.8 -0.166 0.133 5.339530E-02 4.77E-07 17.9 0.267 0.240
Ni std Aristar 0.3851670 1.73E-06 9.0 0.016 5.339404E-02 4.17E-07 15.6 0.062
Doping Cr 3 0.3851585 1.65E-06 8.6 -0.178 0.129 5.339445E-02 4.52E-07 16.9 0.066 0.236
Ni std Aristar 0.3851637 1.96E-06 10.2 -0.086 5.339416E-02 4.61E-07 17.3 0.022
April 25th 2008 
Ni std Aristar 0.3852032 1.84E-06 9.6 5.339239E-02 4.83E-07 18.1
Doping Cr 1 (7326) 0.3851963 1.72E-06 8.9 -0.148 0.131 5.339181E-02 4.35E-07 16.3 -0.038 0.243
Ni std Aristar 0.3852008 1.85E-06 9.6 -0.062 5.339164E-02 4.82E-07 18.1 -0.140
Doping Cr 2 (7328) 0.3851974 1.66E-06 8.6 -0.087 0.126 5.339244E-02 4.25E-07 15.9 0.188 0.232
Ni std Aristar 0.3852007 1.69E-06 8.8 -0.003 5.339123E-02 4.18E-07 15.7 -0.077
Doping Cr 3 (7330) 0.3852002 1.78E-06 9.2 0.013 0.131 5.339235E-02 4.57E-07 17.1 0.227 0.241
Ni std Aristar 0.3851987 1.88E-06 9.8 -0.052 5.339105E-02 4.88E-07 18.3 -0.034
Doping Cr 4 (7332) 0.3851998 1.78E-06 9.2 0.017 0.135 5.339325E-02 4.55E-07 17.0 0.296 0.252
Ni std Aristar 0.3851996 1.89E-06 9.8 0.023 5.339229E-02 5.06E-07 19.0 0.232
mean (all) -0.113 0.254
2 sd 0.182 0.341
2 se 0.061 0.114
n 9 9
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Cr (5%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851733 1.87E-06 9.7 1.674473E-02 1.06E-07 12.7
0.3851551 1.77E-06 9.2 -0.465 0.136 1.674406E-02 1.18E-07 14.1 -0.382 0.191
0.3851727 1.98E-06 10.3 -0.016 1.674467E-02 1.10E-07 13.1 -0.036
0.3851556 1.65E-06 8.6 -0.445 0.128 1.674448E-02 1.25E-07 14.9 -0.248 0.195
0.3851728 1.68E-06 8.7 0.003 1.674512E-02 9.87E-08 11.8 0.269
0.3851476 1.44E-06 7.5 1.674304E-02 1.12E-07 13.4
0.3851352 1.35E-06 7.0 -0.291 0.103 1.674245E-02 1.05E-07 12.5 -0.334 0.180
0.3851452 1.45E-06 7.5 -0.062 1.674298E-02 1.05E-07 12.5 -0.036
0.3851355 1.32E-06 6.9 -0.252 0.102 1.674259E-02 1.14E-07 13.6 -0.209 0.183
0.3851452 1.44E-06 7.5 0.000 1.674290E-02 9.88E-08 11.8 -0.048
0.3851348 1.29E-06 6.7 -0.186 0.101 1.674281E-02 1.07E-07 12.8 -0.045 0.178
0.3851387 1.45E-06 7.5 -0.169 1.674287E-02 1.09E-07 13.0 -0.018
0.385189 1.23E-06 6.4 1.674330E-02 1.14E-07 13.6
0.3851819 1.29E-06 6.7 -0.160 0.095 1.674343E-02 1.03E-07 12.3 0.027 0.184
0.3851871 1.35E-06 7.0 -0.049 1.674347E-02 1.14E-07 13.6 0.102
0.3851835 1.19E-06 6.2 -0.114 0.091 1.674328E-02 1.01E-07 12.1 -0.143 0.176
0.3851887 1.21E-06 6.3 0.042 1.674357E-02 9.92E-08 11.8 0.060
0.3851848 1.27E-06 6.6 -0.104 0.093 1.674330E-02 1.08E-07 12.9 -0.173 0.182
0.3851889 1.31E-06 6.8 0.005 1.674361E-02 1.16E-07 13.9 0.024
0.3851818 1.33E-06 6.9 -0.161 0.094 1.674309E-02 1.08E-07 12.9 -0.224 0.191





















Doping Cr 1 (7326)
Ni std Aristar
Doping Cr 2 (7328)
Ni std Aristar
Doping Cr 3 (7330)
Ni std Aristar
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Cr (5%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339496E-02 5.11E-07 19.1 1.674647E-02 1.27E-07 15.2
5.339992E-02 4.82E-07 18.1 0.916 0.267 1.674696E-02 1.33E-07 15.9 0.311 0.217
5.339510E-02 5.39E-07 20.2 1.674641E-02 1.21E-07 14.5
5.339979E-02 4.51E-07 16.9 0.880 0.252 1.674710E-02 1.46E-07 17.4 0.313 0.223
5.339508E-02 4.59E-07 17.2 -0.004 1.674674E-02 1.12E-07 13.4 0.197
5.340195E-02 3.93E-07 14.7 1.674650E-02 1.18E-07 14.1
5.340534E-02 3.67E-07 13.7 0.572 0.202 1.674653E-02 1.18E-07 14.1 0.060 0.197
5.340262E-02 3.96E-07 14.8 0.125 1.674636E-02 1.12E-07 13.4 -0.084
5.340525E-02 3.61E-07 13.5 0.492 0.200 1.674675E-02 1.22E-07 14.6 0.245 0.198
5.340262E-02 3.94E-07 14.8 0.000 1.674632E-02 1.12E-07 13.4 -0.024
5.340545E-02 3.52E-07 13.2 0.365 0.198 1.674687E-02 1.07E-07 12.8 0.266 0.192
5.340438E-02 3.96E-07 14.8 0.330 1.674653E-02 1.27E-07 15.2 0.125
5.339066E-02 3.36E-07 12.6 1.674397E-02 1.19E-07 14.2
5.339259E-02 3.52E-07 13.2 0.314 0.187 1.674442E-02 1.11E-07 13.3 0.221 0.194
5.339117E-02 3.69E-07 13.8 0.096 1.674413E-02 1.19E-07 14.2 0.096
5.339217E-02 3.25E-07 12.2 0.228 0.179 1.674435E-02 1.08E-07 12.9 0.128 0.188
5.339074E-02 3.31E-07 12.4 -0.081 1.674414E-02 1.09E-07 13.0 0.006
5.339180E-02 3.46E-07 13.0 0.203 0.183 1.674417E-02 1.15E-07 13.7 -0.021 0.195
5.339069E-02 3.58E-07 13.4 -0.009 1.674427E-02 1.22E-07 14.6 0.078
5.339262E-02 3.62E-07 13.6 0.316 0.185 1.674420E-02 1.15E-07 13.7 -0.024 0.200





















Doping Cr 1 (7326)
Ni std Aristar
Doping Cr 2 (7328)
Ni std Aristar
Doping Cr 3 (7330)
Ni std Aristar
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Cr (5%) Aristar Ni standard (bracketed with Aristar Ni standard) 















April 25th 2008 
Ni std Aristar
Doping Cr 1 (7326)
Ni std Aristar
Doping Cr 2 (7328)
Ni std Aristar
Doping Cr 3 (7330)
Ni std Aristar






1.823490E-02 2.01E-07 0.4078751 3.87E-06
1.825087E-02 2.05E-07 0.807 0.4081033 3.65E-06 0.516
1.823739E-02 1.68E-07 0.4079103 3.45E-06
1.825363E-02 1.87E-07 0.839 0.4081415 3.05E-06 0.540
1.823925E-02 2.29E-07 0.4079319 3.86E-06
1.824825E-02 1.66E-07 0.4080723 2.92E-06
1.826295E-02 1.48E-07 0.687 0.4082917 2.21E-06 0.458
1.825256E-02 1.55E-07 0.4081371 2.53E-06
1.826623E-02 1.73E-07 0.710 0.4083362 2.55E-06 0.458
1.825398E-02 1.49E-07 0.4081611 2.68E-06
1.826539E-02 1.67E-07 0.436 0.4083227 2.45E-06 0.277
1.826089E-02 2.22E-07 0.4082585 3.51E-06
1.827047E-02 2.17E-07 0.4084475 3.15E-06
1.827831E-02 1.82E-07 0.501 0.4085590 2.80E-06 0.323
1.826785E-02 1.80E-07 0.4084066 2.68E-06
1.827601E-02 1.81E-07 0.398 0.4085241 2.75E-06 0.258
1.826963E-02 1.91E-07 0.4084306 2.99E-06
1.828022E-02 1.51E-07 0.615 0.4085880 2.33E-06 0.410
1.826833E-02 1.61E-07 0.4084102 2.37E-06
1.828343E-02 1.56E-07 0.656 0.4086403 2.55E-06 0.449
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Table A3.1 MC-ICPMS data for Mn (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851645 1.93E-06 10.0 5.338759E-02 4.72E-07 17.7
Doping Mn 0.3851643 2.19E-06 11.4 0.049 0.151 5.338745E-02 4.44E-07 16.6 0.074 0.239
Ni std Aristar 0.3851603 1.88E-06 9.8 -0.109 5.338652E-02 4.40E-07 16.5 -0.200
Doping Mn 0.3851639 1.84E-06 9.6 0.029 0.136 5.338816E-02 5.03E-07 18.8 0.216 0.250
Ni std Aristar 0.3851653 1.85E-06 9.6 0.130 5.338749E-02 4.40E-07 16.5 0.182
September 25th 2007
Ni std Aristar 0.3851558 1.82E-06 9.5 5.339390E-02 4.50E-07 16.9
Doping Mn 1 0.3851534 1.51E-06 7.8 -0.108 0.122 5.339257E-02 4.28E-07 16.0 -0.164 0.232
Ni std Aristar 0.3851593 1.79E-06 9.3 0.091 5.339299E-02 4.43E-07 16.6 -0.170
Doping Mn 2 0.3851572 1.77E-06 9.2 0.040 0.136 5.339363E-02 4.36E-07 16.3 0.046 0.232
Ni std Aristar 0.3851520 2.07E-06 10.7 -0.190 5.339378E-02 4.37E-07 16.4 0.148
Doping Mn 3 0.3851561 1.75E-06 9.1 0.038 0.136 5.339385E-02 4.63E-07 17.3 0.221 0.240
Ni std Aristar 0.3851573 1.84E-06 9.6 0.138 5.339156E-02 4.47E-07 16.7 -0.416
January 17th 2008
Ni std Aristar 0.3852237 1.56E-06 8.1 5.340600E-02 4.33E-07 16.2
Doping Mn 1 0.3852155 1.89E-06 9.8 -0.034 0.137 5.340474E-02 4.56E-07 17.1 0.002 0.240
Ni std Aristar 0.3852099 2.08E-06 10.8 -0.358 5.340346E-02 4.66E-07 17.5 -0.476
Ni std Aristar 0.3852014 1.79E-06 9.3 -0.221 5.340118E-02 4.56E-07 17.1 -0.427
Doping Mn 2 0.3852041 1.79E-06 9.3 0.003 0.129 5.340359E-02 4.23E-07 15.8 0.184 0.236
Ni std Aristar 0.3852066 1.63E-06 8.5 0.135 5.340403E-02 4.80E-07 18.0 0.534
Doping Mn 3 0.3852022 1.66E-06 8.6 -0.100 0.125 5.340367E-02 3.99E-07 14.9 -0.066 0.233
Ni std Aristar 0.3852055 1.86E-06 9.7 -0.029 5.340402E-02 4.76E-07 17.8 -0.002
mean (all) -0.010 0.064
2 sd 0.127 0.278
2 se 0.045 0.098
n 8 8
K. Andrews  2009 423
62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mn (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.3851644 1.81E-06 9.4 1.674443E-02 1.12E-07 13.4
0.3851677 1.94E-06 10.1 0.087 0.135 1.674447E-02 1.05E-07 12.5 -0.054 0.180
0.3851643 1.62E-06 8.4 -0.003 1.674469E-02 1.04E-07 12.4 0.155
0.3851647 1.83E-06 9.5 -0.042 0.126 1.674430E-02 1.19E-07 14.2 -0.164 0.189
0.3851683 1.59E-06 8.3 0.104 1.674446E-02 1.04E-07 12.4 -0.137
0.3851353 1.70E-06 8.8 1.674294E-02 1.07E-07 12.8
0.3851375 1.25E-06 6.5 -0.019 0.101 1.674325E-02 1.02E-07 12.2 0.122 0.176
0.3851412 1.26E-06 6.5 0.153 1.674315E-02 1.05E-07 12.5 0.125
0.3851350 1.33E-06 6.9 -0.051 0.109 1.674300E-02 1.03E-07 12.3 -0.036 0.175
0.3851327 1.94E-06 10.1 -0.221 1.674297E-02 1.04E-07 12.4 -0.108
0.3851363 1.37E-06 7.1 -0.008 0.113 1.674295E-02 1.10E-07 13.1 -0.167 0.182
0.3851405 1.41E-06 7.3 0.203 1.674349E-02 1.06E-07 12.7 0.311
0.3851582 1.44E-06 7.5 1.674007E-02 1.03E-07 12.3
0.3851539 1.71E-06 8.9 -0.052 0.123 1.674037E-02 1.08E-07 12.9 0.000 0.182
0.3851536 1.83E-06 9.5 -0.119 1.674067E-02 1.11E-07 13.3 0.358
0.3851534 1.48E-06 7.7 -0.005 1.674121E-02 1.08E-07 12.9 0.323
0.3851482 1.50E-06 7.8 -0.074 0.109 1.674064E-02 1.00E-07 11.9 -0.140 0.179
0.3851487 1.45E-06 7.5 -0.122 1.674054E-02 1.14E-07 13.6 -0.400
0.3851454 1.38E-06 7.2 -0.053 0.102 1.674062E-02 9.47E-08 11.3 0.048 0.177
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Mn (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
































5.339737E-02 4.95E-07 18.5 1.674648E-02 1.25E-07 14.9
5.339648E-02 5.29E-07 19.8 -0.169 0.265 1.674650E-02 1.42E-07 17.0 -0.069 0.224
5.339740E-02 4.42E-07 16.6 0.006 1.674675E-02 1.21E-07 14.5 0.161
5.339730E-02 4.99E-07 18.7 0.082 0.249 1.674652E-02 1.19E-07 14.2 -0.042 0.202
5.339632E-02 4.33E-07 16.2 -0.202 1.674643E-02 1.20E-07 14.3 -0.191
5.340532E-02 4.63E-07 17.3 1.674705E-02 1.18E-07 14.1
5.340472E-02 3.41E-07 12.8 0.037 0.199 1.674720E-02 9.76E-08 11.7 0.161 0.182
5.340372E-02 3.45E-07 12.9 -0.300 1.674681E-02 1.16E-07 13.9 -0.143
5.340541E-02 3.64E-07 13.6 0.099 0.216 1.674695E-02 1.14E-07 13.6 -0.060 0.202
5.340604E-02 5.30E-07 19.8 0.434 1.674729E-02 1.34E-07 16.0 0.287
5.340505E-02 3.73E-07 14.0 0.015 0.223 1.674702E-02 1.13E-07 13.5 -0.128 0.203
5.340390E-02 3.85E-07 14.4 -0.401 1.674718E-02 1.19E-07 14.2 -0.066
5.339906E-02 3.93E-07 14.7 1.674265E-02 1.01E-07 12.1
5.340023E-02 4.66E-07 17.5 0.101 0.243 1.674318E-02 1.22E-07 14.6 0.051 0.203
5.340032E-02 5.00E-07 18.7 0.236 1.674354E-02 1.34E-07 16.0 0.532
5.340038E-02 4.04E-07 15.1 0.011 1.674410E-02 1.16E-07 13.9 0.334
5.340179E-02 4.09E-07 15.3 0.143 0.214 1.674392E-02 1.16E-07 13.9 -0.003 0.192
5.340167E-02 3.95E-07 14.8 0.242 1.674375E-02 1.06E-07 12.7 -0.209
5.340255E-02 3.78E-07 14.2 0.101 0.201 1.674404E-02 1.07E-07 12.8 0.149 0.187
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Mn (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 




























1.822747E-02 1.90E-07 0.4077575 3.41E-06
1.823235E-02 1.95E-07 0.213 0.4078314 3.84E-06 0.150
1.822947E-02 1.68E-07 0.4077831 2.83E-06
1.823539E-02 1.86E-07 0.246 0.4078782 3.32E-06 0.170
1.823235E-02 1.55E-07 0.4078349 2.95E-06
1.826037E-02 1.85E-07 0.4082443 3.33E-06
1.826160E-02 1.78E-07 0.106 0.4082604 2.62E-06 0.060
1.825897E-02 1.63E-07 0.4082273 2.65E-06
1.826487E-02 1.67E-07 0.125 0.4083104 2.84E-06 0.080
1.826621E-02 2.02E-07 0.4083281 3.87E-06
1.826483E-02 1.93E-07 0.096 0.4083083 2.99E-06 0.066
1.825993E-02 1.74E-07 0.4082350 2.60E-06
1.822042E-02 2.36E-07 0.4077162 3.72E-06
1.821657E-02 1.70E-07 0.007 0.4076487 3.15E-06 0.002
1.821245E-02 1.67E-07 0.4075795 3.25E-06
1.821009E-02 1.56E-07 0.4075375 2.60E-06
1.821217E-02 1.40E-07 0.128 0.4075741 2.52E-06 0.092
1.820959E-02 1.43E-07 0.4075360 2.39E-06
1.821151E-02 1.27E-07 0.155 0.4075570 2.35E-06 0.087
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Table A3.1 MC-ICPMS data for Co (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851619 1.83E-06 9.5 5.338517E-02 4.46E-07 16.7
Doping Co 0.3851600 1.84E-06 9.6 -0.049 0.135 5.338480E-02 4.73E-07 17.7 -0.018 0.242
Ni std Aristar 0.3851619 1.82E-06 9.5 0.000 5.338462E-02 4.36E-07 16.3 -0.103
Doping Co 0.3851607 1.97E-06 10.2 -0.101 0.143 5.338482E-02 4.66E-07 17.5 -0.028 0.242
Ni std Aristar 0.3851673 2.00E-06 10.4 0.140 5.338532E-02 4.58E-07 17.2 0.131
September 24th 2007
Ni std Aristar 0.3851595 2.16E-06 11.2 5.339383E-02 5.08E-07 19.0
Doping Co 0.3851578 1.68E-06 8.7 -0.101 0.137 5.339334E-02 4.61E-07 17.3 -0.272 0.254
Ni std Aristar 0.3851639 1.92E-06 10.0 5.339575E-02 4.86E-07 18.2
Doping Co 2 0.3851584 1.93E-06 10.0 -0.080 0.137 5.339482E-02 4.59E-07 17.2 0.079 0.247
Ni std Aristar 0.3851591 1.67E-06 8.7 5.339305E-02 4.58E-07 17.2
Doping Co 3 0.3851593 1.80E-06 9.3 -0.038 0.128 5.339404E-02 4.81E-07 18.0 0.014 0.250
Ni std Aristar 0.3851624 1.72E-06 8.9 5.339488E-02 4.71E-07 17.6
January 17th 2008
Ni std Aristar 0.3851992 2.08E-06 10.8 5.340149E-02 4.71E-07 17.6
Doping Co 1 0.3852013 1.94E-06 10.1 -0.014 0.142 5.340243E-02 4.83E-07 18.1 0.022 0.252
Ni std Aristar 0.3852045 1.78E-06 9.2 0.138 5.340314E-02 4.66E-07 17.5 0.309
Doping Co 2 0.3851967 1.82E-06 9.4 -0.097 0.130 5.340217E-02 4.67E-07 17.5 -0.101 0.246
Ni std Aristar 0.3851964 1.68E-06 8.7 -0.210 5.340228E-02 4.60E-07 17.2 -0.161
Doping Co 3 0.3851915 1.85E-06 9.6 -0.129 0.136 5.339979E-02 4.46E-07 16.7 -0.419 0.243
Ni std Aristar 0.3851965 2.01E-06 10.4 0.003 5.340177E-02 4.83E-07 18.1 -0.096
Doping Ca 4 0.3851952 1.77E-06 9.2 -0.026 0.135 5.340129E-02 4.94E-07 18.5 -0.060 0.256
Ni std Aristar 0.3851959 1.81E-06 9.4 -0.016 5.340145E-02 4.58E-07 17.2 -0.060
Doping Ca 5 0.3851935 1.80E-06 9.3 -0.093 0.134 5.340097E-02 4.60E-07 17.2 -0.228 0.242
Ni std Aristar 0.3851983 1.90E-06 9.9 0.062 5.340293E-02 4.47E-07 16.7 0.277
mean (all) -0.073 -0.101
2 sd 0.077 0.313
2 se -0.073 0.111
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Co (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se



































0.3851737 1.40E-06 7.3 1.674501E-02 1.06E-07 12.7
0.3851738 1.59E-06 8.3 -0.044 0.109 1.674510E-02 1.12E-07 13.4 0.015 0.183
0.3851773 1.36E-06 7.1 0.093 1.674514E-02 1.03E-07 12.3 0.078
0.3851731 1.68E-06 8.7 -0.151 0.123 1.674509E-02 1.11E-07 13.3 0.021 0.183
0.3851805 1.94E-06 10.1 0.083 1.674497E-02 1.09E-07 13.0 -0.102
0.3851390 1.60E-06 8.3 1.674295E-02 1.20E-07 14.3
0.3851411 1.40E-06 7.3 0.091 0.112 1.674307E-02 1.09E-07 13.0 0.206 0.191
0.3851362 1.68E-06 8.7 1.674250E-02 1.15E-07 13.7
0.3851327 1.60E-06 8.3 -0.140 0.114 1.674272E-02 1.09E-07 13.0 -0.060 0.187
0.3851400 1.33E-06 6.9 1.674314E-02 1.09E-07 13.0
0.3851386 1.41E-06 7.3 -0.006 0.102 1.674290E-02 1.14E-07 13.6 -0.012 0.190
0.3851377 1.41E-06 7.3 1.674270E-02 1.12E-07 13.4
0.3851496 1.47E-06 7.6 1.674114E-02 1.12E-07 13.4
0.3851498 1.44E-06 7.5 0.026 0.107 1.674091E-02 1.15E-07 13.7 -0.018 0.191
0.385148 1.48E-06 7.7 -0.042 1.674074E-02 1.11E-07 13.3 -0.239
0.3851465 1.45E-06 7.5 0.008 0.106 1.674097E-02 1.11E-07 13.3 0.075 0.187
0.3851444 1.42E-06 7.4 -0.093 1.674095E-02 1.09E-07 13.0 0.125
0.3851480 1.44E-06 7.5 0.036 0.106 1.674154E-02 1.06E-07 12.7 0.317 0.184
0.3851488 1.46E-06 7.6 0.114 1.674107E-02 1.15E-07 13.7 0.072
0.3851468 1.39E-06 7.2 -0.014 0.104 1.674118E-02 1.17E-07 14.0 0.042 0.194
0.3851459 1.41E-06 7.3 -0.075 1.674115E-02 1.09E-07 13.0 0.048
0.3851482 1.34E-06 7.0 0.080 0.101 1.674126E-02 1.09E-07 13.0 0.170 0.183
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Co (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339484E-02 3.81E-07 14.3 1.674665E-02 1.18E-07 14.1
5.339482E-02 4.33E-07 16.2 0.087 0.215 1.674677E-02 1.19E-07 14.2 0.072 0.200
5.339387E-02 3.71E-07 13.9 -0.182 1.674665E-02 1.18E-07 14.1 0.000
5.339500E-02 4.57E-07 17.1 0.294 0.242 1.674673E-02 1.28E-07 15.3 0.152 0.213
5.339299E-02 5.29E-07 19.8 -0.165 1.674630E-02 1.29E-07 15.4 -0.209
5.340431E-02 4.36E-07 16.3 1.674680E-02 1.40E-07 16.7
5.340374E-02 3.83E-07 14.3 -0.179 0.220 1.674692E-02 1.09E-07 13.0 0.155 0.205
5.340508E-02 4.58E-07 17.2 1.674652E-02 1.24E-07 14.8
5.340604E-02 4.38E-07 16.4 0.277 0.226 1.674688E-02 1.25E-07 14.9 0.122 0.204
5.340404E-02 3.64E-07 13.6 1.674683E-02 1.08E-07 12.9
5.340441E-02 3.86E-07 14.5 0.010 0.201 1.674682E-02 1.17E-07 14.0 0.057 0.191
5.340467E-02 3.84E-07 14.4 1.674662E-02 1.11E-07 13.3
5.340141E-02 4.01E-07 15.0 1.674423E-02 1.34E-07 16.0
5.340136E-02 3.94E-07 14.8 -0.050 0.211 1.674410E-02 1.26E-07 15.1 0.024 0.212
5.340184E-02 4.05E-07 15.2 0.081 1.674389E-02 1.15E-07 13.7 -0.203
5.340227E-02 3.95E-07 14.8 -0.012 0.210 1.674440E-02 1.18E-07 14.1 0.146 0.194
5.340283E-02 3.88E-07 14.5 0.185 1.674442E-02 1.08E-07 12.9 0.317
5.340185E-02 3.94E-07 14.8 -0.071 0.209 1.674473E-02 1.20E-07 14.3 0.188 0.202
5.340163E-02 3.99E-07 14.9 -0.225 1.674441E-02 1.30E-07 15.5 -0.006
5.340218E-02 3.79E-07 14.2 0.030 0.204 1.674450E-02 1.14E-07 13.6 0.042 0.201
5.340241E-02 3.84E-07 14.4 0.146 1.674445E-02 1.17E-07 14.0 0.024
5.340178E-02 3.65E-07 13.7 -0.161 0.198 1.674460E-02 1.17E-07 14.0 0.134 0.200
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Co (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 































1.824084E-02 1.82E-07 0.4079587 2.83E-06
1.824169E-02 1.62E-07 0.119 0.4079682 2.73E-06 0.072
1.823819E-02 1.56E-07 0.4079190 2.45E-06
1.824063E-02 1.56E-07 0.314 0.4079534 2.90E-06 0.197
1.823161E-02 2.05E-07 0.4078270 3.67E-06
1.824922E-02 1.63E-07 0.4080825 2.85E-06
1.824254E-02 1.67E-07 -0.281 0.4079794 2.63E-06 -0.199
1.824613E-02 1.65E-07 0.4080386 2.86E-06
1.824437E-02 1.60E-07 0.064 0.4080055 2.79E-06 0.035
1.824028E-02 1.54E-07 0.4079435 2.17E-06
1.824012E-02 1.45E-07 0.005 0.4079435 2.13E-06 0.001
1.823976E-02 1.80E-07 0.4079427 2.60E-06
1.820671E-02 1.49E-07 0.4074824 2.60E-06
1.820559E-02 1.48E-07 -0.097 0.4074702 2.36E-06 -0.062
1.820799E-02 1.49E-07 0.4075082 2.49E-06
1.820764E-02 1.42E-07 -0.096 0.4074945 2.31E-06 -0.075
1.821079E-02 1.36E-07 0.4075420 2.38E-06
1.821053E-02 1.40E-07 -0.045 0.4075338 2.44E-06 -0.046
1.821192E-02 1.42E-07 0.4075628 2.21E-06
1.821204E-02 1.53E-07 -0.026 0.4075597 2.21E-06 -0.026
1.821311E-02 1.54E-07 0.4075774 2.42E-06
1.821301E-02 1.29E-07 -0.038 0.4075750 2.28E-06 -0.029
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Table A3.1 MC-ICPMS data for Co (5%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data





April 23rd 2008 
Ni std Aristar 0.3851936 1.76E-06 9.1 5.339350E-02 4.66E-07 17.5
Doping Co 1 (7262) 0.3851959 1.85E-06 9.6 -0.013 0.133 5.339201E-02 4.51E-07 16.9 -0.103 0.240
Ni std Aristar 0.3851992 1.79E-06 9.3 0.145 5.339162E-02 4.45E-07 16.7 -0.352
Doping Co 2 (7264) 0.3851947 2.05E-06 10.6 -0.113 0.146 5.339194E-02 4.39E-07 16.4 -0.023 0.234
Ni std Aristar 0.3851989 2.05E-06 10.6 -0.008 5.339251E-02 4.44E-07 16.6 0.167
Doping Co 3 (7266) 0.3851923 2.12E-06 11.0 -0.132 0.153 5.338993E-02 4.30E-07 16.1 -0.340 0.235
Ni std Aristar 0.3851959 2.05E-06 10.6 -0.078 5.339098E-02 4.67E-07 17.5 -0.287
April 24rd 2008
Ni std Aristar 0.3852087 2.16E-06 11.2 5.339161E-02 5.11E-06 191.4
Doping Co 1 (7299) 0.3851917 2.25E-06 11.7 -0.380 0.155 5.339125E-02 5.28E-07 19.8 -0.009 1.373
Ni std Aristar 0.3852040 1.73E-06 9.0 -0.122 5.339099E-02 4.66E-07 17.5 -0.116
Doping Co 2 (7301) 0.3851956 1.78E-06 9.2 -0.235 0.130 5.338985E-02 4.75E-07 17.8 -0.201 0.255
Ni std Aristar 0.3852053 1.79E-06 9.3 0.034 5.339086E-02 5.10E-07 19.1 -0.024
Doping Co 3 (7303) 0.3852010 1.84E-06 9.6 -0.051 0.138 5.339110E-02 4.87E-07 18.2 0.103 0.261
Ni std Aristar 0.3852006 2.03E-06 10.5 -0.122 5.339024E-02 4.88E-07 18.3 -0.116
Doping Co 4 (7305) 0.3851945 1.87E-06 9.7 -0.236 0.140 5.338997E-02 5.11E-07 19.1 -0.142 0.265
Ni std Aristar 0.3852066 1.83E-06 9.5 0.156 5.339122E-02 4.94E-07 18.5 0.184
mean (all) -0.166 -0.102
2 sd 0.253 0.289
2 se 0.096 0.109
n 7 7
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Co (5%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se







Doping Co 1 (7262)
Ni std Aristar
Doping Co 2 (7264)
Ni std Aristar




Doping Co 1 (7299)
Ni std Aristar
Doping Co 2 (7301)
Ni std Aristar
Doping Co 3 (7303)
Ni std Aristar






0.3851755 1.54E-06 8.0 1.674303E-02 1.10E-07 13.1
0.3851804 1.74E-06 9.0 0.029 0.121 1.674338E-02 1.07E-07 12.8 0.075 0.181
0.3851831 1.57E-06 8.2 0.197 1.674348E-02 1.05E-07 12.5 0.269
0.3851809 1.99E-06 10.3 -0.051 0.139 1.674340E-02 1.04E-07 12.4 0.015 0.177
0.3851826 2.00E-06 10.4 -0.013 1.674327E-02 1.05E-07 12.5 -0.125
0.3851861 1.88E-06 9.8 0.039 0.142 1.674388E-02 1.02E-07 12.2 0.257 0.225
0.3851866 1.98E-06 10.3 0.104 1.674363E-02 1.98E-07 23.7 0.215
0.3851972 1.56E-06 8.1 1.674348E-02 1.21E-07 14.5
0.3851804 1.63E-06 8.5 -0.373 0.111 1.674357E-02 1.25E-07 14.9 0.009 0.204
0.3851923 1.21E-06 6.3 -0.127 1.674363E-02 1.11E-07 13.3 0.090
0.3851898 1.29E-06 6.7 -0.097 0.093 1.674390E-02 1.13E-07 13.5 0.152 0.194
0.3851948 1.25E-06 6.5 0.065 1.674366E-02 1.21E-07 14.5 0.018
0.3851901 1.30E-06 6.7 -0.116 0.098 1.674360E-02 1.16E-07 13.9 -0.081 0.198
0.3851943 1.49E-06 7.7 -0.013 1.674381E-02 1.16E-07 13.9 0.090
0.3851881 1.31E-06 6.8 -0.174 0.097 1.674387E-02 1.21E-07 14.5 0.108 0.201
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Co (5%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339435E-02 4.21E-07 15.8 1.674460E-02 1.14E-07 13.6
5.339302E-02 4.74E-07 17.8 -0.055 0.238 1.674445E-02 1.20E-07 14.3 0.018 0.199
5.339228E-02 4.29E-07 16.1 -0.388 1.674424E-02 1.16E-07 13.9 -0.215
5.339288E-02 5.42E-07 20.3 0.101 0.274 1.674453E-02 1.32E-07 15.8 0.167 0.217
5.339240E-02 5.46E-07 20.5 0.022 1.674426E-02 1.33E-07 15.9 0.012
5.339145E-02 5.13E-07 19.2 -0.077 0.280 1.674468E-02 1.37E-07 16.4 0.194 0.228
5.339132E-02 5.40E-07 20.2 -0.202 1.674445E-02 1.33E-07 15.9 0.113
5.338841E-02 4.25E-07 15.9 1.674362E-02 1.40E-07 16.7
5.339300E-02 4.45E-07 16.7 0.734 0.219 1.674472E-02 1.46E-07 17.4 0.564 0.231
5.338975E-02 3.31E-07 12.4 0.251 1.674393E-02 1.12E-07 13.4 0.185
5.339046E-02 3.53E-07 13.2 0.197 0.182 1.674447E-02 1.15E-07 13.7 0.349 0.193
5.338907E-02 3.40E-07 12.7 -0.127 1.674384E-02 1.16E-07 13.9 -0.054
5.339036E-02 3.55E-07 13.3 0.227 0.193 1.674412E-02 1.19E-07 14.2 0.075 0.205
5.338923E-02 4.07E-07 15.2 0.030 1.674415E-02 1.31E-07 15.6 0.185
5.339091E-02 3.57E-07 13.4 0.342 0.192 1.674454E-02 1.21E-07 14.5 0.349 0.208





April 23rd 2008 
Ni std Aristar
Doping Co 1 (7262)
Ni std Aristar
Doping Co 2 (7264)
Ni std Aristar




Doping Co 1 (7299)
Ni std Aristar
Doping Co 2 (7301)
Ni std Aristar
Doping Co 3 (7303)
Ni std Aristar
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Co (5%) Aristar Ni standard (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
April 23rd 2008 
Ni std Aristar
Doping Co 1 (7262)
Ni std Aristar
Doping Co 2 (7264)
Ni std Aristar




Doping Co 1 (7299)
Ni std Aristar
Doping Co 2 (7301)
Ni std Aristar
Doping Co 3 (7303)
Ni std Aristar






1.825038E-02 1.66E-07 0.4081347 3.07E-06
1.825012E-02 2.28E-07 -0.028 0.4081318 3.76E-06 -0.022
1.825089E-02 2.24E-07 0.4081468 3.78E-06
1.824781E-02 1.90E-07 -0.173 0.4080982 4.11E-06 -0.123
1.825105E-02 1.91E-07 0.4081496 3.67E-06
1.825145E-02 1.90E-07 -0.026 0.4081545 3.88E-06 -0.019
1.825279E-02 2.24E-07 0.4081747 4.08E-06
1.822941E-02 1.91E-07 0.4078355 3.11E-06
1.824363E-02 2.28E-07 0.480 0.4080302 3.53E-06 0.283
1.824035E-02 2.68E-07 0.4079942 3.72E-06
1.824135E-02 1.75E-07 0.072 0.4080029 2.58E-06 0.033
1.823974E-02 1.59E-07 0.4079844 2.21E-06
1.824261E-02 1.74E-07 0.115 0.4080226 2.53E-06 0.065
1.824127E-02 1.80E-07 0.4080078 2.60E-06
1.824771E-02 2.47E-07 0.180 0.4080961 3.67E-06 0.098
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Table A3.1 MC-ICPMS data for Cd (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851638 1.61E-06 8.4 5.338482E-02 4.44E-07 16.6
Doping Cd 0.3851627 2.13E-06 11.1 0.018 0.146 5.338533E-02 4.54E-07 17.0 0.143 0.240
Ni std Aristar 0.3851602 2.04E-06 10.6 -0.093 5.338431E-02 4.63E-07 17.3 -0.096
Doping Cd 0.3851661 1.95E-06 10.1 0.087 0.141 5.338446E-02 4.78E-07 17.9 0.045 0.246
Ni std Aristar 0.3851653 1.74E-06 9.0 0.132 5.338413E-02 4.37E-07 16.4 -0.034
September 21st 2007
Ni std Aristar 0.3851576 1.94E-06 10.1 5.339443E-02 4.37E-07 16.4
Doping Cd 1 0.3851599 1.96E-06 10.2 0.014 0.143 5.339262E-02 4.92E-07 18.4 -0.232 0.253
Ni std Aristar 0.3851611 1.91E-06 9.9 0.091 5.339329E-02 4.89E-07 18.3 -0.214
September 24th
Ni std Aristar 0.3851765 1.73E-06 9.0 5.339527E-02 4.08E-07 15.3
Doping Cd (Ar swapped) 0.3851768 2.31E-06 12.0 0.073 0.155 5.339629E-02 4.80E-07 18.0 0.118 0.253
Ni std Aristar 0.3851715 2.06E-06 10.7 -0.130 5.339605E-02 5.35E-07 20.0 0.146
Ni std Aristar 0.3851671 1.90E-06 9.9 5.339474E-02 4.92E-07 18.4
Doping Cd 0.3851680 1.79E-06 9.3 0.023 0.116 5.339608E-02 4.64E-07 17.4 0.251 0.217
Ni std Aristar 0.3851595 2.16E-06 11.2 5.339383E-02 5.08E-07 19.0
January 17th 2008
Ni std Aristar 0.3852055 1.86E-06 9.7 5.340402E-02 4.76E-07 17.8
Doping Cd 1 0.3852120 1.87E-06 9.7 0.178 0.138 5.340535E-02 4.51E-07 16.9 0.256 0.242
Ni std Aristar 0.3852048 1.92E-06 10.0 -0.018 5.340395E-02 4.48E-07 16.8 -0.013
Doping Cd 2 0.3852086 1.92E-06 10.0 -0.004 0.140 5.340394E-02 4.59E-07 17.2 -0.149 0.242
Ni std Aristar 0.3852127 1.87E-06 9.7 0.205 5.340552E-02 4.61E-07 17.3 0.294
Doping Cd 3 0.3852124 1.67E-06 8.7 -0.025 0.127 5.340480E-02 4.67E-07 17.5 -0.106 0.245
Ni std Aristar 0.3852140 1.70E-06 8.8 0.034 5.340521E-02 4.57E-07 17.1 -0.058
Doping Cd 4 0.3852058 1.93E-06 10.0 -0.138 0.137 5.340247E-02 4.55E-07 17.0 -0.167 0.250
Ni std Aristar 0.3852082 1.92E-06 10.0 -0.151 5.340151E-02 5.15E-07 19.3 -0.693
Doping Cd 5 0.3852008 1.65E-06 8.6 -0.075 0.135 5.340137E-02 4.25E-07 15.9 -0.024 0.244
Ni std Aristar 0.3851992 2.08E-06 10.8 -0.234 5.340149E-02 4.71E-07 17.6 -0.004
mean (all) 0.015 0.013
2 sd 0.174 0.352
2 se 0.055 0.111
n 10 10
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Cd (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se




































0.3851754 1.37E-06 7.1 1.674509E-02 1.05E-07 12.5
0.3851733 1.78E-06 9.2 -0.031 0.127 1.674497E-02 1.08E-07 12.9 -0.107 0.182
0.3851736 1.93E-06 10.0 -0.047 1.674521E-02 1.10E-07 13.1 0.072
0.3851794 1.76E-06 9.1 0.056 0.127 1.674518E-02 1.13E-07 13.5 -0.030 0.186
0.3851809 1.45E-06 7.5 0.190 1.674525E-02 1.04E-07 12.4 0.024
0.3851378 1.50E-06 7.8 1.674281E-02 1.04E-07 12.4
0.3851446 1.50E-06 7.8 0.122 0.111 1.674324E-02 1.17E-07 14.0 0.176 0.192
0.385142 1.54E-06 8.0 0.109 1.674308E-02 1.16E-07 13.9 0.161
0.3851494 1.33E-06 6.9 1.674261E-02 9.67E-08 11.6
0.3851457 2.09E-06 10.9 -0.012 0.129 1.674237E-02 1.14E-07 13.6 -0.090 0.192
0.3851429 1.32E-06 6.9 -0.169 1.674243E-02 1.27E-07 15.2 -0.108
0.3851439 1.35E-06 7.0 1.674274E-02 1.17E-07 14.0
0.3851402 1.37E-06 7.1 -0.096 0.087 1.674242E-02 1.10E-07 13.1 -0.191 0.164
0.3851390 1.60E-06 8.3 1.674295E-02 1.20E-07 14.3
0.3851462 1.35E-06 7.0 1.674054E-02 1.13E-07 13.5
0.3851462 1.33E-06 6.9 0.000 0.102 1.674022E-02 1.07E-07 12.8 -0.194 0.183
0.3851462 1.52E-06 7.9 0.000 1.674055E-02 1.06E-07 12.7 0.006
0.3851504 1.62E-06 8.4 0.075 0.113 1.674056E-02 1.09E-07 13.0 0.116 0.183
0.3851488 1.39E-06 7.2 0.068 1.674018E-02 1.09E-07 13.0 -0.221
0.3851512 1.38E-06 7.2 0.023 0.101 1.674035E-02 1.11E-07 13.3 0.078 0.185
0.3851518 1.36E-06 7.1 0.078 1.674026E-02 1.08E-07 12.9 0.048
0.3851546 1.65E-06 8.6 0.027 0.118 1.674091E-02 1.08E-07 12.9 0.128 0.189
0.3851553 1.76E-06 9.1 0.091 1.674113E-02 1.22E-07 14.6 0.520
0.3851534 1.49E-06 7.7 0.025 0.114 1.674117E-02 1.01E-07 12.1 0.021 0.185
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Cd (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.339436E-02 3.75E-07 14.0 1.674652E-02 1.04E-07 12.4
5.339495E-02 4.86E-07 18.2 0.063 0.250 1.674660E-02 1.38E-07 16.5 -0.024 0.217
5.339487E-02 5.26E-07 19.7 0.096 1.674676E-02 1.32E-07 15.8 0.143
5.339328E-02 4.80E-07 18.0 -0.110 0.250 1.674638E-02 1.26E-07 15.0 -0.128 0.210
5.339286E-02 3.95E-07 14.8 -0.376 1.674643E-02 1.13E-07 13.5 -0.197
5.340464E-02 4.10E-07 15.4 1.674693E-02 1.26E-07 15.0
5.340278E-02 4.10E-07 15.4 -0.239 0.219 1.674678E-02 1.27E-07 15.2 -0.021 0.212
5.340347E-02 4.21E-07 15.8 -0.219 1.674670E-02 1.23E-07 14.7 -0.137
5.340148E-02 3.64E-07 13.6 1.674571E-02 1.12E-07 13.4
5.340248E-02 5.71E-07 21.4 0.023 0.253 1.674569E-02 1.49E-07 17.8 -0.107 0.231
5.340323E-02 3.60E-07 13.5 0.328 1.674603E-02 1.34E-07 16.0 0.191
5.340298E-02 3.68E-07 13.8 1.674631E-02 1.23E-07 14.7
5.340398E-02 3.73E-07 14.0 0.187 0.170 1.674626E-02 1.16E-07 13.9 -0.030 0.173
5.340431E-02 4.36E-07 16.3 1.674680E-02 1.40E-07 16.7
5.340235E-02 3.69E-07 13.8 1.674383E-02 1.21E-07 14.5
5.340233E-02 3.64E-07 13.6 -0.002 0.200 1.674340E-02 1.21E-07 14.5 -0.272 0.206
5.340233E-02 4.14E-07 15.5 -0.004 1.674388E-02 1.24E-07 14.8 0.030
5.340120E-02 4.41E-07 16.5 -0.145 0.222 1.674363E-02 1.24E-07 14.8 0.006 0.208
5.340162E-02 3.78E-07 14.2 -0.133 1.674336E-02 1.21E-07 14.5 -0.311
5.340098E-02 3.77E-07 14.1 -0.043 0.199 1.674338E-02 1.08E-07 12.9 0.036 0.189
5.340080E-02 3.70E-07 13.9 -0.154 1.674328E-02 1.10E-07 13.1 -0.048
5.340004E-02 4.49E-07 16.8 -0.053 0.232 1.674381E-02 1.25E-07 14.9 0.203 0.205
5.339985E-02 4.79E-07 17.9 -0.178 1.674366E-02 1.24E-07 14.8 0.227
5.340038E-02 4.06E-07 15.2 -0.047 0.225 1.674413E-02 1.07E-07 12.8 0.110 0.200
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Cd (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 

































1.824275E-02 1.70E-07 0.4079874 2.70E-06
1.824476E-02 1.67E-07 -0.063 0.4080187 3.05E-06 -0.038
1.824906E-02 1.92E-07 0.4080810 3.46E-06
1.824324E-02 1.63E-07 -0.057 0.4079980 2.87E-06 -0.031
1.823949E-02 1.50E-07 0.4079405 2.70E-06
1.825949E-02 1.74E-07 0.4082344 2.84E-06
1.825565E-02 1.61E-07 -0.033 0.4081799 2.90E-06 -0.017
1.825300E-02 1.77E-07 0.4081396 2.66E-06
1.827468E-02 1.38E-07 0.4084793 2.36E-06
1.827654E-02 2.32E-07 0.253 0.4085092 4.25E-06 0.179
1.826915E-02 1.93E-07 0.4083925 2.75E-06
1.825602E-02 1.42E-07 0.4081932 2.30E-06
1.825165E-02 1.73E-07 -0.239 0.4081270 2.76E-06 -0.162
1.824922E-02 1.63E-07 0.4080825 2.85E-06
1.820778E-02 1.43E-07 0.4075073 2.04E-06
1.820909E-02 1.44E-07 0.091 0.4075301 2.39E-06 0.070
1.820709E-02 1.45E-07 0.4074962 2.65E-06
1.820954E-02 1.66E-07 0.095 0.4075346 2.94E-06 0.055
1.820852E-02 1.40E-07 0.4075284 2.35E-06
1.821043E-02 1.51E-07 0.130 0.4075541 2.21E-06 0.081
1.820761E-02 1.63E-07 0.4075134 2.43E-06
1.820793E-02 1.73E-07 0.057 0.4075113 3.07E-06 0.038
1.820616E-02 1.94E-07 0.4074779 3.22E-06
1.820654E-02 1.55E-07 0.006 0.4074822 2.79E-06 0.005
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Table A3.1 MC-ICPMS data for Sn (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3851673 2.00E-06 10.4 5.338532E-02 4.58E-07 17.2
Doping Sn 0.3851641 2.21E-06 11.5 -0.021 0.150 5.338591E-02 4.83E-07 18.1 0.119 0.245
Ni std Aristar 0.3851625 1.70E-06 8.8 -0.125 5.338523E-02 4.23E-07 15.8 -0.017
Doping Sn 0.3851673 2.37E-06 12.3 0.108 0.150 5.338599E-02 4.82E-07 18.1 0.181 0.243
Ni std Aristar 0.3851638 1.61E-06 8.4 0.034 5.338482E-02 4.44E-07 16.6 -0.077
September 25th 2007
Ni std Aristar 0.3851579 1.67E-06 8.7 5.339168E-02 4.49E-07 16.8
Doping Sn 1 0.3851645 1.91E-06 9.9 0.143 0.133 5.339151E-02 4.76E-07 17.8 -0.039 0.245
Ni std Aristar 0.3851601 1.75E-06 9.1 0.057 5.339176E-02 4.50E-07 16.9 0.015
Doping Sn 2 0.3851602 1.73E-06 9.0 -0.017 0.128 5.339188E-02 4.50E-07 16.9 -0.059 0.238
Ni std Aristar 0.3851616 1.75E-06 9.1 0.039 5.339263E-02 4.49E-07 16.8 0.163
Doping Sn 3 0.3851621 1.95E-06 10.1 -0.005 0.140 5.339181E-02 4.69E-07 17.6 0.092 0.239
Ni std Aristar 0.3851630 1.98E-06 10.3 0.036 5.339001E-02 4.13E-07 15.5 -0.491
January 18th 2008
Ni std Aristar 0.3852039 2.08E-06 10.8 5.340178E-02 5.19E-07 19.4
Doping Sn 1 0.3852014 2.01E-06 10.4 -0.058 0.148 5.340128E-02 4.72E-07 17.7 -0.111 0.255
Ni std Aristar 0.3852034 1.94E-06 10.1 -0.013 5.340197E-02 4.58E-07 17.2 0.036
Doping Sn 2 0.3852007 1.79E-06 9.3 -0.039 0.137 5.340162E-02 4.60E-07 17.2 -0.038 0.245
Ni std Aristar 0.3852010 1.92E-06 10.0 -0.062 5.340168E-02 4.71E-07 17.6 -0.054
Ni std Aristar 0.3852010 1.92E-06 10.0 0.008 5.340168E-02 4.71E-07 17.6 0.011
Doping Sn 3 0.3851915 1.85E-06 9.6 -0.188 0.140 5.339979E-02 4.46E-07 16.7 -0.362 0.245
Ni std Aristar 0.3851965 2.01E-06 10.4 -0.117 5.340177E-02 4.83E-07 18.1 0.017
Doping Sn 4 0.3851952 1.77E-06 9.2 -0.026 0.135 5.340129E-02 4.94E-07 18.5 -0.060 0.256
Ni std Aristar 0.3851959 1.81E-06 9.4 -0.016 5.340145E-02 4.58E-07 17.2 -0.060
Doping Sn 5 0.3851935 1.80E-06 9.3 -0.373 0.134 5.340097E-02 4.60E-07 17.2 -0.228 0.242
Ni std Aristar 0.3852198 1.90E-06 9.9 0.621 5.340293E-02 4.47E-07 16.7 0.277
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Table A3.1 MC-ICPMS data for Sn (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard)
± se ± 2 se ± 2 se ± 2 se
ppm ppm
60Ni/58Ni 62Ni/58Ni ± 2 se ε62Niε60Ni ± se
61Ni/58Ni normalised data






Ni std Aristar 0.3852091 1.71E-06 8.9 5.339175E-02 4.80E-07 18.0
Doping Sn 1 (7308) 0.3852073 1.84E-06 9.6 -0.048 0.132 5.339456E-02 4.82E-07 18.1 0.501 0.257
Ni std Aristar 0.3852092 1.80E-06 9.3 0.003 5.339202E-02 5.00E-07 18.7 0.051
Doping Sn 2 (7310) 0.3852082 1.84E-06 9.6 -0.099 0.135 5.339384E-02 4.69E-07 17.6 0.239 0.252
Ni std Aristar 0.3852148 1.89E-06 9.8 0.145 5.339311E-02 4.67E-07 17.5 0.204
Doping Sn 3 (7312) 0.3852084 1.76E-06 9.1 -0.162 0.134 5.339357E-02 5.09E-07 19.1 0.095 0.260
Ni std Aristar 0.3852145 1.87E-06 9.7 -0.008 5.339302E-02 4.76E-07 17.8 -0.017
Doping Sn 4 (7314) 0.3852102 2.01E-06 10.4 -0.049 0.141 5.339381E-02 4.73E-07 17.7 0.266 0.258
Ni std Aristar 0.3852097 1.79E-06 9.3 -0.125 5.339176E-02 5.23E-07 19.6 -0.236
mean (all) -0.060 0.042
2 sd 0.250 0.438
2 se 0.067 0.117
n 14 14
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Sn (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se
































0.3851805 1.94E-06 10.1 1.674497E-02 1.09E-07 13.0
0.3851709 1.70E-06 8.8 -0.187 0.127 1.674483E-02 1.15E-07 13.7 -0.090 0.186
0.3851757 1.54E-06 8.0 -0.125 1.674499E-02 1.00E-07 11.9 0.012
0.3851776 2.14E-06 11.1 0.053 0.134 1.674481E-02 1.14E-07 13.6 -0.137 0.183
0.3851754 1.37E-06 7.1 -0.008 1.674509E-02 1.05E-07 12.5 0.060
0.3851471 1.39E-06 7.2 1.674346E-02 1.07E-07 12.8
0.3851513 1.62E-06 8.4 0.118 0.110 1.674350E-02 1.13E-07 13.5 0.027 0.186
0.3851464 1.32E-06 6.9 -0.018 1.674345E-02 1.07E-07 12.8 -0.006
0.3851465 1.38E-06 7.2 0.005 0.097 1.674342E-02 1.07E-07 12.8 0.045 0.181
0.3851462 1.22E-06 6.3 -0.005 1.674324E-02 1.07E-07 12.8 -0.125
0.3851466 1.20E-06 6.2 -0.112 0.103 1.674343E-02 1.11E-07 13.3 -0.072 0.181
0.3851556 1.88E-06 9.8 0.244 1.674386E-02 9.79E-08 11.7 0.370
0.3851555 1.83E-06 9.5 1.674107E-02 1.23E-07 14.7
0.3851542 1.92E-06 10.0 0.003 0.131 1.674119E-02 1.12E-07 13.4 0.087 0.193
0.3851527 1.45E-06 7.5 -0.073 1.674102E-02 1.09E-07 13.0 -0.030
0.3851516 1.58E-06 8.2 -0.012 0.115 1.674111E-02 1.09E-07 13.0 0.033 0.185
0.3851514 1.65E-06 8.6 -0.034 1.674109E-02 1.12E-07 13.4 0.042
0.3851514 1.65E-06 8.6 -0.005 1.674109E-02 1.12E-07 13.4 -0.012
0.3851480 1.44E-06 7.5 -0.055 0.110 1.674154E-02 1.06E-07 12.7 0.275 0.186
0.3851488 1.46E-06 7.6 -0.068 1.674107E-02 1.15E-07 13.7 -0.012
0.3851468 1.39E-06 7.2 -0.014 0.104 1.674118E-02 1.17E-07 14.0 0.042 0.194
0.3851459 1.41E-06 7.3 -0.075 1.674115E-02 1.09E-07 13.0 0.048
0.3851482 1.34E-06 7.0 0.080 0.101 1.674126E-02 1.09E-07 13.0 0.170 0.183
0.3851443 1.40E-06 7.3 -0.042 1.674080E-02 1.06E-07 12.7 -0.209
± 2 se
ppm
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62Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Sn (2%) doped Aristar Ni standard (bracketed with Aristar Ni standard) 
± se ± 2 se ± 2 se ± 2 se
ppm
60Ni/58Ni 61Ni/58Ni ε61Niε60Ni ± se





0.385195 1.19E-06 6.2 1.674345E-02 1.14E-07 13.6
0.3851848 1.59E-06 8.3 -0.289 0.107 1.674278E-02 1.14E-07 13.6 -0.379 0.195
0.3851969 1.44E-06 7.5 0.049 1.674338E-02 1.19E-07 14.2 -0.042
0.3851875 1.48E-06 7.7 -0.234 0.107 1.674295E-02 1.11E-07 13.3 -0.179 0.191
0.3851961 1.44E-06 7.5 -0.021 1.674312E-02 1.11E-07 13.3 -0.155
0.3851893 1.23E-06 6.4 -0.196 0.098 1.674302E-02 1.21E-07 14.5 -0.066 0.197
0.3851976 1.42E-06 7.4 0.039 1.674314E-02 1.13E-07 13.5 0.012
0.3851903 1.33E-06 6.9 -0.169 0.099 1.674294E-02 1.13E-07 13.5 -0.209 0.196







Doping Sn 1 (7308)
Ni std Aristar
Doping Sn 2 (7310)
Ni std Aristar
Doping Sn 3 (7312)
Ni std Aristar
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Sn (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
































5.339299E-02 5.29E-07 19.8 1.674630E-02 1.29E-07 15.4
5.339560E-02 4.64E-07 17.4 0.366 0.250 1.674651E-02 1.43E-07 17.1 0.033 0.223
5.339430E-02 4.22E-07 15.8 0.245 1.674661E-02 1.10E-07 13.1 0.185
5.339377E-02 5.83E-07 21.8 -0.105 0.265 1.674630E-02 1.53E-07 18.3 -0.158 0.223
5.339436E-02 3.75E-07 14.0 0.011 1.674652E-02 1.04E-07 12.4 -0.054
5.340210E-02 3.79E-07 14.2 1.674691E-02 1.08E-07 12.9
5.340095E-02 4.43E-07 16.6 -0.232 0.216 1.674648E-02 1.23E-07 14.7 -0.215 0.197
5.340228E-02 3.59E-07 13.4 0.034 1.674677E-02 1.13E-07 13.5 -0.084
5.340226E-02 3.76E-07 14.1 -0.008 0.191 1.674676E-02 1.12E-07 13.4 0.024 0.190
5.340233E-02 3.32E-07 12.4 0.009 1.674667E-02 1.13E-07 13.5 -0.060
5.340224E-02 3.28E-07 12.3 0.222 0.203 1.674664E-02 1.26E-07 15.0 0.009 0.208
5.339978E-02 5.12E-07 19.2 -0.478 1.674658E-02 1.28E-07 15.3 -0.054
5.339980E-02 4.99E-07 18.7 1.674393E-02 1.35E-07 16.1
5.340016E-02 5.24E-07 19.6 -0.006 0.259 1.674409E-02 1.30E-07 15.5 0.087 0.220
5.340058E-02 3.96E-07 14.8 0.146 1.674396E-02 1.25E-07 14.9 0.018
5.340086E-02 4.31E-07 16.1 0.022 0.227 1.674414E-02 1.16E-07 13.9 0.060 0.203
5.340091E-02 4.51E-07 16.9 0.062 1.674412E-02 1.24E-07 14.8 0.096
5.340091E-02 4.51E-07 16.9 0.009 1.674412E-02 1.24E-07 14.8 -0.012
5.340185E-02 3.94E-07 14.8 0.109 0.217 1.674473E-02 1.20E-07 14.3 0.278 0.209
5.340163E-02 3.99E-07 14.9 0.135 1.674441E-02 1.30E-07 15.5 0.173
5.340218E-02 3.79E-07 14.2 0.030 0.204 1.674450E-02 1.14E-07 13.6 0.042 0.201
5.340241E-02 3.84E-07 14.4 0.146 1.674445E-02 1.17E-07 14.0 0.024
5.340178E-02 3.65E-07 13.7 -0.161 0.198 1.674460E-02 1.17E-07 14.0 0.134 0.200
5.340287E-02 3.82E-07 14.3 0.086 1.674430E-02 1.23E-07 14.7 -0.090
± 2 se
ppm
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± se ± 2 se ± 2 se ± 2 se
ppm
61Ni/58Ni 62Ni/58Ni ε62Niε61Ni ± se
60Ni/58Ni normalised data
Table A 3.1 (continued) MC-ICPMS data for Sn (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 





5.338902E-02 3.24E-07 12.1 1.674359E-02 1.10E-07 13.1
5.339181E-02 4.33E-07 16.2 0.570 0.211 1.674371E-02 1.19E-07 14.2 0.072 0.196
5.338851E-02 3.94E-07 14.8 -0.096 1.674359E-02 1.17E-07 14.0 0.000
5.339107E-02 4.02E-07 15.1 0.459 0.211 1.674365E-02 1.19E-07 14.2 0.146 0.201
5.338873E-02 3.92E-07 14.7 0.041 1.674322E-02 1.22E-07 14.6 -0.221
5.339059E-02 3.35E-07 12.5 0.387 0.192 1.674364E-02 1.14E-07 13.6 0.245 0.199
5.338832E-02 3.86E-07 14.5 -0.077 1.674324E-02 1.21E-07 14.5 0.012
5.339026E-02 3.61E-07 13.5 0.322 0.194 1.674352E-02 1.30E-07 15.5 0.075 0.210







Doping Sn 1 (7308)
Ni std Aristar
Doping Sn 2 (7310)
Ni std Aristar
Doping Sn 3 (7312)
Ni std Aristar
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Sn (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 




























1.823161E-02 2.05E-07 0.4078270 3.67E-06
1.824361E-02 1.58E-07 0.373 0.4080001 2.98E-06 0.238
1.824201E-02 1.35E-07 0.4079793 2.58E-06
1.824269E-02 1.83E-07 0.017 0.4079947 3.75E-06 0.028
1.824275E-02 1.70E-07 0.4079874 2.70E-06
1.825117E-02 1.64E-07 0.4081107 2.55E-06
1.825133E-02 1.69E-07 -0.040 0.4081199 2.90E-06 -0.008
1.825294E-02 2.08E-07 0.4081359 2.75E-06
1.825769E-02 1.85E-07 0.130 0.4082109 2.90E-06 0.094
1.825769E-02 2.31E-07 0.4082090 3.41E-06
1.826252E-02 2.56E-07 0.497 0.4082798 3.76E-06 0.328
1.824920E-02 1.89E-07 0.4080829 3.70E-06
1.820933E-02 1.73E-07 0.4075293 3.26E-06
1.820960E-02 2.16E-07 -0.031 0.4075300 4.10E-06 -0.030
1.821100E-02 1.47E-07 0.4075550 2.75E-06
1.821184E-02 1.53E-07 0.014 0.4075603 2.68E-06 -0.013
1.821216E-02 1.75E-07 0.4075758 3.15E-06
1.821216E-02 1.75E-07 0.4075758 3.15E-06
1.821053E-02 1.40E-07 -0.083 0.4075338 2.44E-06 -0.087
1.821192E-02 1.42E-07 0.4075628 2.21E-06
1.821204E-02 1.53E-07 -0.026 0.4075597 2.21E-06 -0.026
1.821311E-02 1.54E-07 0.4075774 2.42E-06
1.821301E-02 1.29E-07 -0.038 0.4075750 2.28E-06 -0.029
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± se ± se61Ni/58Ni 60Ni/58Ni
(raw)
Stable isotope data
Table A3.1 (continued) MC-ICPMS data for Sn (2%) Aristar Ni standard (bracketed with Aristar Ni standard) 
APPENDIX 3: MC-ICPMS data
1.825669E-02 1.81E-07 0.4082443 2.58E-06
1.826699E-02 2.98E-07 0.246 0.4083958 4.74E-06 0.156
1.826832E-02 2.05E-07 0.4084203 3.28E-06
1.827396E-02 1.88E-07 0.233 0.4085042 3.03E-06 0.151
1.827107E-02 1.80E-07 0.4084644 2.86E-06
1.827797E-02 1.84E-07 0.319 0.4085641 2.53E-06 0.198
1.827323E-02 2.35E-07 0.4085017 3.65E-06
1.827909E-02 1.95E-07 0.217 0.4085819 2.97E-06 0.136







Doping Sn 1 (7308)
Ni std Aristar
Doping Sn 2 (7310)
Ni std Aristar
Doping Sn 3 (7312)
Ni std Aristar
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Appendix 4 1 
Online sources of meteorites 2 
 3 
The Orion nebula (photo credit: NASA, ESA, and the Hubble Heritage Team 4 
(STScI/AURA)) 5 
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Appendix Four 6 
A4. Online sources of meteorites 7 
Aerolite Meteorites – Geoffrey Notkin, P.O. Box 36652, Tucson, Arizona 85740 8 
U.S.A. info@aerolite.org, http://www.aerolite.org/contact.htm, (520) 742 3333 9 
 10 
The Meteorite Market - Twelker family, P.O. Box 33873, Juneau, Alaska 99803, 11 
U.S.A, twelker@Alaska.net, http://www.meteoritemarket.com/mmhomef.htm, 1- 12 
907-789-6800 13 
 14 
R. A Langheinrich Meteorites - R. A Langheinrich Meteorites, 290 Brewer Road, 15 
Ilion, New York 13357, U.S.A, orders@nyrockman.com, 16 
http://www.nyrockman.com/catalog-3.htm,  (315) 894 0513 17 
 18 
Arizona Skies Meteorites - John and Dawn Birdsell, P.O. Box 2412, Flagstaff, 19 
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